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reduction,  energy  parameters,  processing  time,  and  incineration  time. 

The  URI  performed  only  two  of  its  five  missions  (2  and  3)  during  the  test  period  because  i 
steam  was  produced.  Principal  problems  were  failures  of  the  hydraulic  system,  boiler  water 
level  controls,  and  storage  system.  Dust  contamination  and  waste  jams  necessitated  a  number 
of  maintenanceactions.  The  H Rl  was  excessively  labor  intensive  which  caused  the  NAS 
Jacksonville  Command  to  shut  down  the  HRl  following  the  study. 

The  types  of  design,  operation,  and  maintenance  problems  that  occurred  at  the  facility  are 
discussed,  and  recommendations  are  made  to  correct  these  problems  in  future  designs. 
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1.  RAM  Analysis  2.  Heat  Recovery  Incinerators  1.  Y081 7-006-01-21 1 

The  performance  of  the  Heat  Recovery  Incinerator  (HRl)  at  Naval  Air  Station  (NAS)  Jackson¬ 
ville,  Fla.,  was  studied  from  June  1982  to  May  1983.  The  study  included  RAM  (reliability,  avail¬ 
ability,  maintainability)  analysis  of  hardware  components  and  five  functional  missions:  ( 1 )  process¬ 
ing  and  incinerating  waste  and  producing  steam;  (2)  processing  and  incinerating  waste;  (3)  incinerat¬ 
ing  waste;  (4)  incinerating  waste  and  producing  steam;  and  (5)  combusting  fuel  oil  and  producing 
steam.  Eight  operational  variables  were  monitored  that  included:  waste  generation  rate,  processing 
rate,  incineration  rate,  ash  production,  landfill  reduction,  energy  parameters,  processing  time,  and 
incineration  time. 

The  HRl  performed  only  two  of  it:,  five  missions  (2  and  3)  during  the  test  period  because  no 
steam  was  produced.  Principal  problems  were  failures  of  the  hydraulic  system,  boiler  water  level 
controls,  and  storage  system.  Dust  contamination  and  waste  jams  necessitated  a  number  of  mainten¬ 
ance  actions.  The  HRl  was  excessively  labor  intensive  which  caused  the  NAS  Jacksonville  Command 
to  shut  down  the  HRl  following  the  study. 

The  types  of  design,  operation,  and  maintenance  problems  that  occurred  at  the  facility  are 
discussed,  and  recommendations  are  made  to  correct  these  problems  in  future  designs. 
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INTRODUCTION 


The  Naval  Facilities  Engineering  Command  (NAVFAC)  tasked  the  Naval 
Civil  Engineering  Laboratory  (NCEL)  to  evaluate  heat  recovery  incinerator 
(HRI)  technology  for  application  at  Naval  shore  facilities.  As  a  part 
of  this  project,  NCEL  studied  the  long-term  performance  of  the  HRI  at 
Naval  Air  Station  (NAS)  Jacksonville,  Florida.  The  study  was  conducted 
to  determine  any  changes  necessary  to  improve  existing  HRI  performance 
and  to  provide  guidance  for  future  HRIs  of  this  type. 


BACKGROUND 

Heat  recovery  incineration  is  a  developing  technique  for  converting 
the  combustible  portion  of  solid  waste  into  usable  energy  through  the 
production  of  steam.  The  economic  benefits  from  using  HRI  technology 
are  dependent  on  the  savings  obtained  from  reducing  fossil  fuel  use  and 
from  reducing  the  quantity  of  disposable  solid  waste. 

The  Navy  has  591  installations  worldwide  (Ref  1)  that  generate  an 
estimated  1.7  million  tons  of  solid  waste  per  year,  of  which  approximately 
85%  is  combustible  (Ref  2).  If  these  materials  were  recovered  in  the 
form  of  waste  heat,  8,300,000  MBtu,  or  1.4  million  barrels  of  oil  equiv¬ 
alent  (BOE),  would  be  available  to  offset  fossil  fuel  utilization. 

The  Navy  paid  $9.27/MBtu  of  steam  in  1982  (Ref  3).  Collection  and 
disposal  costs  for  solid  waste  averaged  $34/ton  in  1982  ($18/ton  to 
collect,  $16/ton  to  dispose)  (Ref  4),  and  the  costs  may  double  within 
the  next  10  years  (Ref  2)  because  of  limited  landfill  space  and  legis¬ 
lative  restrictions. 

RAM  analyses  are  used  to  mathematically  predict  or  verify  the 
performance  of  an  equipment  system,  and  represent  a  valid  approach  for 
determining  the  problems  that  have  prevented  HRIs  from  achieving  their 
potential.  The  application  of  RAM  study  techniques  to  the  NS  Mayport 
HRI  was  one  of  the  first  uses  of  RAM  parameters  to  evaluate  HRI  tech¬ 
nology  (Ref  5). 

The  three  RAM  parameters  are  reliability,  availability,  and  maintain¬ 
ability.  These  parameters  are  mathematically  expressed  as  Equations  A-2 
through  A-9  in  Appendix  A. 

Reliability  is  expressed  as  the  probability  that  an  equipment 
system  can  complete  a  specified  operational  cycle  without  a  failure 
occurring.  Reliability  is  useful  as  an  indicator  of  inadequate  or 
degrading  performance.  In  general,  following  installation  and  a  shake- 
down  phase,  reliability  should  reach  a  steady-state  value  and  then  decay 
due  to  equipment  aging.  This  decay  is  used  to  predict  equipment  replace¬ 
ment  time  or  to  indicate  when  repairs  or  adjustments  will  be  needed. 
Changes  in  design  could  be  indicated  if  steady-state  values  never  reach 
acceptable  limits. 


Availability  is  expressed  as  the  probability  that  at  any  point  in 
time  the  system  will  be  capable  of  performing  its  stated  mission. 
Availability  is  a  measure  of  the  length  of  time  that  a  system  will  be 
able  to  perform  a  given  task  under  its  mission.  A  low  availability 
value  means  that  adjustments  or  repairs  are  needed  or  that  design  changes 
are  required.  Availability  decays  in  a  similar  fashion  to  reliability. 

Maintainability  is  expressed  as  the  total  number  of  maintenance 
man-hours  required  for  every  hour  of  operation.  Maintainability  is  an 
indication  of  the  level  of  effort  required  to  keep  the  system  operational. 
A  large  value  for  maintainability  means  that  maintenance  is  too  complex; 
equipment  is  too  old;  or  maintenance  access  to  equipment  is  inadequate. 

In  general,  maintenance  increases  as  equipment  ages  because  more  failures 
occur  and  more  adjustments  are  necessary  to  maintain  performance  levels. 


HR1  AT  NAS  JACKSONVILLE 
Description 

The  HRI  at  NAS  Jacksonville  was  completed  in  December  1979  at  a 
cost  of  $2.8  million.  Operation  began  in  June  1980,  while  testing 
started  in  June  1982.  The  HRI,  shown  in  Figure  1,  consists  of  six 
subsystems:  receiving,  processing,  storage,  incineration,  ash,  and 

boiler.  The  system  was  designed  to  operate  as  described  below. 

Receiving  Subsystem.  The  collected  waste  enters  the  receiving 
subsystem  and  is  deposited  on  the  tipping  floor,  where  the  waste  is 
manually  sorted  to  remove  large  pieces  of  metal;  bulky,  dangerous  items; 
and  other  materials  that  interfere  with  HRI  operation.  After  sorting,  a 
front-end  loader  pushes  the  waste  onto  the  conveyor  belt  that  moves  the 
waste  to  the  processing  subsystem. 

Processing  Subsystem.  The  processing  subsystem  converts  the  raw 
waste  into  a  homogeneous  fuel  with  a  reduced  ash  content  and  an  increased 
energy  value  at  a  rate  of  5  tons/hr  (TPH)  for  8  hours/day.  The  homoge¬ 
neous  fuel  is  expected  to  improve  HRI  operation  by  allowing  a  more 
efficient  burning  rate,  and  by  removing  material  which  may  damage  HRI 
equipment  such  as  metals,  glass  and  rocks.  There  are  five  major  equip¬ 
ment  systems  in  the  conversion  process:  a  flail  mill,  a  magnetic  sepa¬ 
rator,  a  trommel  screen,  a  cyclone  separator,  and  an  industrial  shredder. 
Two  support  systems  consist  of  a  series  of  belt  conveyors  to  transfer 
waste  between  the  different  processes,  and  a  dust  filter  that  cleans  the 
air  from  the  cyclone  separator  before  venting  it  to  the  atmosphere. 

The  first  piece  of  equipment,  the  flail  mill,  reduces  the  size  of 
the  incoming  waste  to  8  to  12  inches  and  breaks  up  boxes  and  plastic 
bags.  The  flail  mill  has  a  maximum  design  capacity  of  10  TPH  and  an 
average  capacity  of  5  TPH.  The  flail  mill  discharge  is  then  passed 
underneath  an  air  scoop  that  removes  the  lightweight  waste  fractions  to 
the  cyclone  separator. 

The  remaining  waste  is  then  sent  through  a  10-TPH  (maximum)  magnetic 
separator  that  removes  ferrous  metals.  This  step  reduces  the  quantity 
of  noncombustibles  in  the  waste. 
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Next,  the  waste  enters  a  10-TPH  (maximum)  trommel  screen  that 
removes  the  waste  fraction  that  is  less  than  3/4  inch  in  size.  This 
step  removes  most  of  the  glass  and  dirt  from  the  waste,  thus  again 
reducing  the  quantity  of  noncombustibles.  The  remaining  waste  is  then 
conveyed  to  the  storage  bin. 

The  lightweight  waste  fraction  collected  by  the  air  scoop  enters  a 
cyclone  separator.  The  cyclone  separator  system  separates  the  dust, 
paper,  and  plastics  from  the  flail  mill  discharge,  thereby  reducing  the 
dust  loading  in  the  facility  and  improving  the  effectiveness  of  the 
trommel  and  magnetic  separators.  The  light  fraction  is  added  back  to 
the  waste  stream  after  the  trommel  discharge. 

Finally,  a  5-TPH  (maximum)  industrial  shredder  breaks  up  any  hand- 
sorted,  over-sized  waste  that  cannot  be  processed  by  the  flail  mill. 

The  shredder  reduces  the  waste  to  less  than  12  inches  in  size.  The 
shredder  discharge  is  added  to  the  waste  stream  entering  the  magnetic 
separator. 

Storage  Subsystem.  The  final  product  from  the  processing  subsystem 
is  called  a  fluff  Refuse  Derived  Fuel  (RDF)  and  is  conveyed  to  the 
storage  subsystem  which  consists  of  a  storage  bin,  screw  augers,  and 
conveyors  to  the  incinerators.  The  storage  bin  has  a  29-ton  capacity 
for  a  waste  density  of  7  lb/ft3.  The  waste  is  added  to  the  top  of  the 
bin,  and  discharged  from  the  bottom  by  a  pair  of  counter-rotating  screw 
augers  that  traverse  the  length  of  the  bin.  The  augers  move  an  average 
of  2  TPH  or  a  maximum  of  3  TPH  of  waste  onto  the  conveyors  to  the  incin¬ 
erator  subsystem. 

Incinerator  Subsystem.  The  incineration  subsystem  consists  of 
three  Comptro-Sunbeam  packaged  modular  incinerator  units,  Model  A-A8. 
Each  unit  burns  a  maximum  of  1  ton  of  waste  per  hour  with  two  units 
operating  and  one  on  standby.  The  waste  from  the  storage  bin  passes 
along  a  series  of  conveyors  and  is  emptied  into  a  feed  hopper  for  each 
incinerator.  The  waste  in  the  feed  hopper  is  pushed  by  a  hydraulic  feed 
ram  into  the  primary  combustion  chamber  where  it  is  combusted  at  1 ,400°F 
to  1,600°F,  releasing  gases  and  turning  the  waste  into  an  inert  ash. 

The  gases  enter  the  secondary  combustion  chamber  where  any  remaining 
combustible  matter  is  incinerated  at  1,800°F;  then  the  gases  are  passed 
into  the  boiler  subsystem.  The  ash  is  removed  by  the  ash  subsystem. 

Ash  Subsystem.  The  burning  waste  is  mechanically  moved  along  the 
primary  combustion  chamber  by  two  hydraulic  ash  rams.  The  feed  ram  and 
the  two  ash  rams  are  at  staggered  heights.  Each  ram  moves  the  waste  to 
the  next  lower  level  of  the  chamber  to  mix  the  waste  and  allow  a  more 
thorough  carbon  burnout.  The  resulting  ash  then  drops  into  a  water- 
filled  quench  tank,  where  the  ash  is  cooled  and  removed  by  a  drag  chain 
to  an  ash  container.  The  ash  container  is  periodically  dumped  at  the 
local  landfill. 

Boiler  Subsystem.  The  boiler  subsystem  for  each  incinerator  con¬ 
sists  of  a  single-pass  water  tube  boiler,  and  a  common  blowdown  tank  and 
feedwater  equipment.  The  hot  gases  from  the  secondary  chamber  are 
passed  through  the  water  tube  boiler,  cooled,  and  released  to  the  atmo¬ 
sphere.  The  boilers  were  each  designed  to  produce  6,280  pounds  of 
125  psig  saturated  steam/hr,  with  an  energy  value  of  1,185  Btu/lb. 
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The  HRI  was  designed  to  accomplish  two  basic  objectives.  The 
primary  objective  was  to  save  landfill  space  by  reducing  the  volume  and 
weight  of  solid  waste  through  incineration.  The  secondary  objective  was 
to  recover  energy  in  the  form  of  low  pressure  steam  from  the  combustion 
products  of  the  incinerated  solid  waste.  These  tasks  represent  the  two 
benefit  producing  functions  of  an  HRI:  landfill  savings  and  fossil  fuel 
offsets . 

The  HRI  is  in  one  of  five  modes  or  missions  when  it  is  operational. 
These  missions  represent  the  various  combinations  of  accomplishing  the 
two  design  tasks.  A  numerical  subscript  on  the  results  signifies  which 
mission  is  represented  (i.e.,  R^  is  the  reliability  for  Mission  1). 

A  schematic  representation  of  each  mission  is  shown  in  Figure  2. 

The  subsystems  required  to  perform  the  mission  are  indicated  by  boxes 
surrounding  the  name  of  the  subsystem.  The  materials  that  the  subsystem 
handles  (input)  or  produces  (output)  are  specified  on  the  diagrams.  The 
waste  generator  (activity),  and  the  ultimate  receivers  of  the  HRI  end 
products  (activity  -  steam;  landfill  -  rejects  and  ash)  are  also  shown 
for  each  mission. 

Mission  1.  The  first  mission  is  the  processing  and  incineration  of 
solid  waste  and  the  concurrent  production  of  steam.  All  of  the  subsystems 
must  be  operational  to  perform  this  mission.  This  mission  is  the  pre¬ 
ferred  operating  mode  for  the  HRI,  as  both  basic  project  objectives  are 
being  fulfilled. 

The  HRI  for  design  conditions  was  expected  to  operate  under  Mission  1 
with  a  mean  time  between  failure  (MTBF)  of  184  hours;  34  failures/yr 
were  anticipated  (Appendix  B) .  Expected  performance  of  the  HRI  included 
a  reliability  of  53%  and  an  availability  of  90%.  These  expectations  and 
goals  were  documented  after  HRI  construction,  and  are  based  on  techno¬ 
logical  assessment  of  installed  equipment  and  components  (Ref  6  and  7). 

Mission  2.  The  second  mission  is  to  process  and  incinerate  solid 
waste.  For  this  mission  all  of  the  subsystems  except  for  the  boiler 
subsystem  must  be  operational.  Mission  2  serves  as  the  backup  mission 
to  the  primary  task  of  the  HRI  in  the  event  the  boiler  is  not  operational; 
thus,  the  landfill  savings  benefit  can  continue. 

The  HRI  performance  expected  under  Mission  2  is  better  than  Mission  1 
because  fewer  subsystems  need  to  be  operational.  The  MTBF  was  predicted 
to  be  284  hours  or  22  failures/yr  (Appendix  B) .  This  corresponds  to  a 
reliability  of  66%.  Mission  2  values  for  availability  were  predicted  to 
be  90%  (Ref  7). 

Mission  3.  The  third  mission  is  to  incinerate  solid  waste  only. 

For  this  mission,  only  the  receiving,  incinerator,  and  ash  subsystems 
need  to  be  operational.  The  incinerator  is  fed  directly  from  the  tipping 
floor.  Mission  3  serves  as  the  second  backup  mission  to  satisfy  the 
primary  objective  of  the  HRI  if  both  the  processing  line  and  the  boiler 
are  down;  the  benefit  of  landfill  savings  is  still  achievable. 

The  HRI  performance  expected  under  Mission  3  is  better  than  Mission  1 
and  2  because  fewer  subsystems  need  to  be  operational.  The  MTBF  was 
predicted  to  be  367  hours  or  17  failures/yr  (Appendix  B).  This  corresponds 
to  a  reliability  of  73%.  Mission  3  availability  would  be  90%. 


Mission  4.  The  Mission  4  objective  is  to  incinerate  solid  waste  to 
produce  steam.  This  mission  requires  the  receiving,  incinerator,  ash, 
and  boiler  subsystems  to  be  operational.  Mission  4  is  the  backup  mission 
to  the  secondary  objective  of  the  HRI  in  the  event  the  processing  system 
is  not  operational.  The  benefits  of  this  mission  are  landfill  savings 
and  fossil  fuel  offsets. 

The  expected  HRI  performance  under  Mission  4  is  better  than  Mission  1 
because  fewer  subsystems  need  to  be  operational.  The  MTBF  was  predicted 
to  be  223  hours  or  28  failures/yr  (Appendix  B) .  This  corresponds  to  a 
reliability  of  59%.  Mission  4  availability  would  be  90%  (Ref  7). 

Mission  5.  The  Mission  5  objective  is  to  produce  steam  by  combusting 
fuel  oil.  For  this  mission,  only  the  incinerator  (but  not  the  feed  and 
ash  rams)  and  the  boiler  subsystems  need  to  be  operational.  Mission  5 
is  the  second  backup  mission  to  the  secondary  objective  of  the  HRI.  The 
benefit  of  this  mission  is  the  production  of  steam  when  no  solid  waste 
is  available  or  the  HRI  cannot  incinerate  waste.  No  fossil  fuel  offsets 
occur  because  fuel  oil  is  used  to  produce  the  steam. 

The  expected  HRI  performance  under  Mission  5  is  better  than  Mission  1 
and  4  because  fewer  subsystems  need  to  be  operational.  The  MTBF  was 
predicted  to  be  416  hours,  or  15  failures/yr  (Appendix  B).  The  expected 
reliability  was  calculated  as  76%.  The  corresponding  availability  would 
be  90%  (Ref  7). 

Operational  Parameters 

Eight  additional  parameters  were  considered  important  in  judging 
HRI  performance.  These  parameters  are:  waste  generation  rate,  process¬ 
ing  rate,  incineration  rate,  ash  production,  landfill  reduction  and  cost 
savings,  energy  parameters,  processing  time,  and  incineration  time. 

These  parameters  were  used  to  define  the  predicted  performance  and 
logistics  required  to  utilize  the  HRI  and  to  determine  changes  in  the 
areas  of  planning,  design,  operation,  and  maintenance  that  would  improve 
future  HRI  performance. 

Activity  Waste  Generation  Rate.  Activity  waste  generation  rate  is 
expressed  as  an  average  solid  waste  quantity  produced  by  the  activity  in 
tons  per  day  (TPD).  The  activity  was  predicted  to  generate  40  TPD 
(Ref  8). 

Processing  Rate.  The  processing  rate  is  expressed  as  tons  of  solid 
waste  that  enter  the  processing  subsystem  per  hour.  This  parameter  is  a 
design  value  that  is  based  on  the  quantity  of  waste  generated  by  the 
activity.  The  design  value  was  predicted  to  be  5  TPH  (maximum),  which 
would  be  sustained  for  an  8-hour  day  (Ref  8). 

Incineration  Rate.  The  incineration  rate  is  expressed  as  tons  of 
solid  waste  incinerated  per  hour.  This  parameter  is  a  design  value 
based  on  the  quantity  of  waste  generated  by  the  activity.  Each  incin¬ 
erator  was  designed  to  burn  1  TPH  of  waste.  Therefore,  the  total  HRI 
design  value  was  determined  to  be  3  TPH  (maximum  for  three  units)  with 
an  average  1.67  TPH  (for  two  units)  based  on  the  40  TPD  input. 
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Ash  Production.  Ash  production  is  measured  as  tons  of  wet  ash 
produced  per  ton  of  waste  incinerated.  This  parameter  is  a  performance 
value  based  on  the  ash  content  of  the  incinerator  feed  (solid  waste)  and 
the  effectiveness  of  the  incineration  process.  The  predicted  value  was 
0.08  ton  of  dry  ash  per  ton  of  solid  waste  incinerated  or  0.13  TPH 
(Ref  8),  based  on  a  1.67-TPH  incineration  rate  and  an  8%  ash  content. 

Landfill  Use  Reduction  and  Cost  Savings.  Landfill  use  reduction  is 
a  measure  of  HRI  effectiveness  in  completing  the  primary  task  of  the 
HRI .  The  parameter  is  expressed  as  a  percentage  equal  to  the  decrease 
in  the  quantity  of  waste  landfilled.  Landfill  reduction  is  used  to 
determine  the  annual  cost  savings  from  incinerating  the  waste.  The 
expected  value  is  70%  of  the  waste  accepted  at  the  facility  (Ref  7) 
would  be  destroyed,  with  a  projected  disposal  cost  savings  of  $51,000/yr 
(200  ton/wk;  $7/ton). 

Energy  Parameters.  Energy  parameters  are  measured  in  two  forms: 
the  percentage  of  energy  supplied  to  the  HRI  from  solid  waste,  and  the 
potential  fossil  fuel  offsets  expressed  as  barrels  of  oil  equivalent 
(B0E)  saved  per  week.  These  parameters  are  performance  values  based  on 
the  energy  available  and  the  effectiveness  of  the  energy  conversion 
process.  The  predicted  value  for  percent  energy  supplied  was  91%  and 
for  fossil  fuel  offsets  was  150  BOE/wk  (Appendix  B). 

Processing  Time.  Processing  time  is  measured  as  the  average  length 
of  time  the  HRI  is  processing  solid  waste.  This  parameter  is  related  to 
availability  and  represents  the  processing  time  that  can  be  sustained  by 
the  HRI.  The  parameter  is  expressed  as  hours  of  operation  per  week  for 
processing  solid  waste.  The  design  value  was  40  hr/wk  for  a  5-day  week 
(Ref  8). 

Incineration  Time.  Incineration  time  is  measured  as  the  average 
time  the  incinerators  are  burning  solid  waste.  This  parameter  is  related 
to  availability  and  represents  the  incineration  time  that  is  sustained 
by  the  HRI.  The  parameter  is  expressed  as  hours  of  operation  per  week 
for  incinerating  solid  waste.  The  design  value  was  120  hr/wk  for  a 
5-day  week  (Ref  8). 

Subsystem  Operational  Parameters 


Each  subsystem  was  designed  to  accomplish  a  different  function. 

The  receiving  subsystem  was  designed  to  transfer  40  TPD  through  a  400  ft2 
area  to  the  processing  and  incineration  subsystems.  The  processing 
subsystem  was  designed  to  process  40  TPD  of  waste  into  a  low  ash,  high 
Btu  fuel  over  an  8-hour  day.  The  storage  subsystem  can  hold  29  tons  of 
waste  which  can  be  transferred  to  the  incineration  subsystem  at  a  maxi¬ 
mum  rate  of  3  TPH  and  an  average  rate  of  1.67  TPH. 

The  incineration  subsystem  was  designed  to  burn  at  an  average  rate 
of  1.67  TPH  (two  units)  and  a  maximum  of  3  TPH  (three  units),  producing 
0.13  and  0.24  TPH  of  ash,  respectively  (dry  basis).  The  maximum  ash 
removal  rate  from  the  quench  tank  was  predicted  to  be  0.5  TPH.  Waste 
incineration  was  to  be  stopped  if  the  ash  removal  subsystem  broke  down 


to  prevent  ash  buildup  in  the  quench  tank.  Finally,  each  boiler  was 
designed  to  produce  6,280  pounds  of  125  psig  saturated  steam  per  hour 
with  an  energy  content  of  1,185  Btu/lb. 


TECHNICAL  APPROACH 
Data  Collection 

This  RAM  study  was  based  on  data  collected  for  operating  times  and 
maintenance  actions  (failures  plus  other  actions).  Operating  time  was 
the  total  time  an  HRI ,  subsystem,  or  mission  was  functional.  Maintenance 
actions  were  equal  to  the  total  number  of  failures  and  other  actions 
that  occurred.  Failures  were  defined  as  any  event  that  caused  an  HRI, 
subsystem,  or  mission  to  be  shutdown  and  required  a  repair  (e.g.,  a  part 
replacement)  to  correct.  Other  actions  were  those  events  that  caused  a 
shutdown,  but  occurred  due  to  the  need  to  adjust,  calibrate,  or  unjam  a 
piece  of  equipment. 

The  data  required  for  this  study  were  collected  from  June  1982  to 
May  1983  by  plant  personnel  using  two  different  datasheets  and  the 
procedures  listed  in  Appendix  C.  The  first  datasheet  is  an  Equipment 
Status  Log  (Figures  C-l  and  C-2  of  Appendix  C)  that  was  used  to  record 
the  operation,  maintenance,  and  operational  status  of  all  HRI  equipment 
during  1  week  of  operation.  This  first  sheet  was  filled  out  at  the  end 
of  each  shift  and  described  any  equipment  failure  or  repair  that  occurred 
and  the  manpower  expended  to  correct  the  failure.  The  status  of  each 
piece  of  equipment  was  noted  in  terms  of  being  operational,  on  standby, 
needing  repair,  etc.  The  sheet  was  also  used  to  determine  the  various 
equipment  operating  and  maintenance  time  categories. 

The  second  datasheet,  Consumables  and  Run  Time  Log  (Figure  C-3) , 
was  used  to  record  weekly  solid  waste,  fuel,  and  water  consumed;  equipment 
operating  time;  and  ash  removal. 

The  data  were  collected  by  plant  personnel  through  a  series  of 
meters,  scales,  and  HRI  records/datasheets.  Totalizing  meters  were  used 
to  record  makeup  water  to  the  boilers,  blowdown,  and  steam.  An  accumulat¬ 
ing  watt-hr  meter  was  used  to  record  electrical  power  consumed  by  the 
facility.  Runtime  meters  were  provided  for  each  HRI  I.D.  fan,  the  flail 
mill  feed  conveyor,  the  industrial  shredder,  the  ash  conveyor,  and  the 
storage  bin  inlet  feed  conveyor.  Scales  were  used  to  weigh  incoming 
waste,  and  outgoing  trommel  rejects,  hand  rejects,  and  wet  ash  containers. 
HRI  records/datasheets  were  used  to  determine  manpower  and  man-hours  in 
operation  and  maintenance,  and  the  type  and  cost  of  spare  parts  and 
consumables . 


Raw  Data  Analysis 


The  data  were  divided  into  two  6-month  sections  to  facilitate 
analysis.  These  results  have  been  published  as  References  9  and  10. 

The  data  are  summarized  here  in  Tables  1  through  4.  Table  1  lists  the 
raw  data  by  run  time,  consumables,  solid  waste,  and  boiler  output  cate¬ 
gories,  while  Table  2  lists  the  raw  data  by  subsystem  categories. 

Table  3  presents  the  results  for  the  subsystem  analysis,  while  Table  4 
contains  the  results  of  the  mission  analysis.  Appendix  A  contains  the 
theoretical  analysis  procedure  for  computing  HRI  performance. 


The  first  step  of  the  analysis  procedure  was  to  take  the  raw  data 
from  the  datasheets  and  convert  it  into  a  useful  form  for  parameter 
determination.  The  five  principal  conversion  categories  were:  consum¬ 
ables,  manpower,  failures,  other  actions,  and  time. 

The  consumable  raw  data  were  determined  from  two  consecutive  Data¬ 
sheets  No.  2.  The  later  sheet  provided  the  final  meter  readings,  while 
the  first  datasheet  provided  the  initial  meter  readings.  The  final 
readings,  minus  the  initial  readings,  gave  the  total  quantity  used, 
processed,  or  incinerated. 

Data  for  manpower,  failures,  and  other  actions  were  taken  directly 
from  Datasheet  No.  1.  The  information  was  obtained  by  reading  the 
descriptions  of  equipment  status,  failures,  and  repairs  that  occurred, 
and  assigning  these  events  to  the  appropriate  categories. 

Time  categories  were  the  most  difficult  to  determine  and  were  based 
on  the  time  periods  noted  on  consecutive  Datasheets  No.  2.  The  basic 
operating  time  (t  )  for  the  subsystems  and  missions  was  found  by  subtract¬ 
ing  the  final  and  initial  results  from  the  run  time  meters.  The  routine 

and  corrective  maintenance  times  were  found  by  taking  the  time  differential 
between  maintenance  start  and  finish  from  Datasheet  No.  1  based  on  the 
repair  data  assumptions.  The  remaining  time  in  the  period  between  each 
Datasheet  No.  1  was  placed  into  the  idle  time  categories.  Idle,  but 
operational  time  (t^)  was  used  when  the  HRI  had  been  operated  but  was 
idle  due  to  a  nonfailure  shutdown,  such  as  the  weekend  shutdown.  Idle, 
but  not  operational  time  (t  )  was  used  when  the  HRI  could  not  be  operated 

due  to  a  failure  or  need  for  a  part  replacement.  The  sum  of  the  five 

time  categories  equaled  the  actual  calendar  time. 

The  second  step  of  the  analysis  procedure  involved  the  use  of  four 
data  assumptions  and  three  parameter  substitutions  to  facilitate  and 
complete  the  analysis. 

The  first  assumption  concerned  floor  feeding  of  the  HRI.  This 
assumption  was  required  because  very  little  information  was  given  except 
to  note  when  floor  feeding  occurred.  It  was  assumed,  therefore,  that 
15.7%  of  the  waste  received  was  fed  directly  into  the  HRI  and  that  22.7% 
of  the  total  incineration  time  was  floor-fed  time.  These  numbers  are 
averages  based  on  the  datasheets  completed  when  data  were  recorded  for 
direct  feeding.  The  data  in  the  processed  and  incinerated  weight  cate¬ 
gories,  and  storage  subsystem  operating  time  were  calculated  using  the 
floor-fed  data.  The  processed  weight  equaled  the  received  weight  minus 
the  hand- rejected  weight  minus  the  floor-fed  weight.  The  incinerated 
weight  equaled  the  processed  weight  minus  the  trommel -rejected  weight 
plus  the  floor-fed  weight.  The  storage  operating  time  was  not  measured 
directly,  so  the  storage  time  was  estimated  by  subtracting  the  time  that 
the  incineration  subsystem  was  floor  fed  (22.7%  of  total  incineration 
time)  from  the  total  time  the  incinerator  was  operating.  The  result  was 
the  time  the  incinerator  operated  on  stored  waste. 

The  second  assumption  was  that  the  waste  generated  by  the  activity 
equaled  the  waste  received  plus  the  waste  not  accepted  by  the  facility. 

All  the  waste  trucks  were  weighed  at  the  HRI,  but  many  were  sent  to  the 
landfill.  To  determine  the  weekly  average  of  solid  waste  generated,  the 
only  data  used  were  from  weeks  when  both  accepted  and  not-accepted  waste 
data  were  recorded.  This  assumed  that  NAS  Jacksonville  was  still  produc¬ 
ing  waste  even  though  no  waste  was  received  at  the  HRI . 
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The  third  assumption  was  made  in  the  category  of  equipment  repair 
times.  The  repair  times  listed  in  Table  2  are  estimated  values  based  on 
equipment  logs,  discussions  with  HRI  personnel,  and  data  gathered  previ¬ 
ous  to  the  test  period  or  for  similar  pieces  of  e^ipment.  These  assump¬ 
tions  were  necessary  to  determine  the  availability  and  maintainability 
parameters . 

The  fourth  assumption  was  that  the  operational  times  for  the  process 
ing  subsystem  could  be  based  on  the  operating  times  for  certain  conveyors 
or  pieces  of  equipment.  Only  the  flail  mill  and  the  shredder  were 
independently  metered,  so  the  other  pieces  of  equipment  and  the  process¬ 
ing  subsystem  were  assumed  to  operate  for  the  same  length  of  time  as  the 
storage  bin  inlet  feed  conveyor. 

The  three  parameter  substitutions  were  inherent  availability  (A.) 
for  operational  availability  (A  );  maintainability  ratio  (MR)  for  main¬ 
tainability  index  (MI);  and  mean  time  to  repair  (MTTR)  for  maintainabil¬ 
ity  (M) .  The  inherent  availability  (A.)  was  a  measure  of  the  time  spent 
actually  operating  or  repairing  the  H^I.  Because  this  time  did  not 
include  any  idle  time  waiting  for  repairs  to  begin,  A.  had  a  larger 
value  than  A  .  The  data  collection  procedure  was  originally  set  up  to 
determine  A  of  the  HRI  (see  Appendix  A)  rather  than  A. .  However,  due 
to  a  lack  o?  data  in  the  time  categories,  the  alternate  form  of  avail¬ 
ability  was  substituted. 

The  second  substitution  occurred  because  man-hours  of  maintenance 
were  not  measured.  An  alternative,  maintainability  ratio  (MR)  in  main¬ 
tenance  hours  per  operating  hour,  was  therefore  substituted  for  the 
predicted  maintainability  index  (MI)  in  man-hours  per  operating  hour. 

The  third  substitution  of  MTTR  for  M  occurred  for  the  same  reason 
as  the  second  substitution:  maintenance  man-hours  were  not  measured. 

The  new  parameter  served  as  an  alternate  indication  of  the  maintenance 
effort  required  to  maintain  the  subsystems  in  an  operational  state. 

Mission  Analysis 

The  data  requirements  for  determining  the  mission  reliability  and 
availability  parameters  were  the  reliability  and  availability  parameters 
of  each  subsystem  required  to  achieve  that  mission.  The  mission  param¬ 
eters  (Table  A)  were  determined  by  multiplying  the  parameters  for  the 
appropriate  subsystems  (Table  3). 

Operational  Parameters  Analysis 

Activity  waste  generation  was  measured  by  taking  the  total  solid 
waste  received  plus  the  total  solid  waste  not  accepted  from  Datasheet 
No.  2  and  dividing  by  the  number  of  weeks  both  sets  of  data  were  reported 

Processing  rate  was  measured  in  TPH  by  dividing  the  total  solid 
waste  processed  by  the  processing  time  in  hours  (Datasheet  No.  2).  This 
measurement  is  listed  as  Equation  A-28  in  Appendix  A. 

Incineration  rate  was  measured  in  TPH  by  dividing  the  total  solid 
waste  incinerated  by  the  incineration  time  in  hours  (Datasheet  No.  2). 
This  is  expressed  as  Equation  A-29  in  Appendix  A. 

Ash  production  was  measured  in  tons  of  ash  per  tons  of  solid  waste, 
or  in  TPH,  by  dividing  the  weight  of  wet  ash  produced  by  the  tons  incin¬ 
erated  or  the  incineration  time  in  hours  (Datasheet  No.  2).  This  is 
expressed  as  Equation  A - 3 1  in  Appendix  A. 


Landfill  use  reduction  was  measured  in  percent  as  the  quantity  of 
waste  sent  to  the  landfill  divided  by  the  total  quantity  of  waste  accepted 
by  the  facility.  The  landfill  waste  was  a  combination  of  the  hand 
rejects,  trommel  rejects,  and  wet  ash  listed  in  Datasheet  No.  2.  The 
cost  reduction  was  equal  to  the  quantity  of  waste  received  multiplied  by 
the  landfill  use  reduction  and  a  $7/ton  disposal  fee.  This  is  expressed 
as  Equation  A-32  in  Appendix  A. 

Energy  parameters  were  expressed  as  a  percent  for  solid  waste 
energy  supplied  to  the  HR1 ,  and  BOE  saved  per  week  for  fossil  fuel 
offsets.  Solid  waste  energy  supplied  was  determined  by  dividing  the 
energy  output  from  processed  and  floor-fed  solid  waste  by  the  total 
energy  input  into  the  HRI  as  fuel  oil  and  solid  waste.  Potential  fossil 
fuel  offsets  were  determined  by  subtracting  the  energy  input  as  electrical 
power  and  front-end  loader  diesel  fuel  from  the  steam  energy  output  by 
solid  waste.  This  result  was  converted  to  BOE  and  divided  by  the  number 
of  weeks  of  the  study.  Actual  results  were  not  determined  because  no 
steam  was  produced.  Therefore,  these  results  will  be  used  as  a  general 
indication  of  HRI  operation. 

Processing  time  in  hours  per  week  was  measured  by  taking  the  total 
operating  time  for  the  flail  mill  feed  conveyor  and  dividing  by  the 
total  number  of  weeks  for  which  data  were  recorded  for  the  HRI. 

Incineration  time  in  hours  per  week  was  simply  measured  by  taking 
the  total  operating  time  for  the  incinerator  blowers  and  dividing  by  the 
total  number  of  weeks  data  were  recorded  for  the  HRI. 

Subsystem  Analysis 

Each  of  the  subsystems  was  analyzed  for  consistent  failures,  mainte¬ 
nance  actions,  design  problems,  and  good  design  features.  The  failures 
were  determined  from  Datasheet  No.  1  and  were  expressed  as  the  number  of 
failures  for  each  piece  of  equipment.  Design  problems  and  features  were 
determined  from  equipment  analysis  and  interviews  with  plant  personnel. 

The  subsystems  were  also  analyzed  for  reliability,  availability, 

MTTR,  and  operating/maintenance  ratios.  Failures  and  the  maintenance 
effort  (repair  time)  required  to  repair  these  failures  were  determined 
from  Datasheet  No.  1.  The  operating  time  was  dependent  on  the  subsystem 
being  considered.  The  processing  and  receiving  subsystems  were  expected 
to  operate  for  40  hr/wk;  the  other  subsystems  for  120  hr/wk. 

The  operating  time  for  the  receiving  subsystem  was  not  measured 
under  the  present  procedure,  and  therefore  no  receiving  RAM  parameters 
could  be  determined.  The  processing  and  incineration  subsystem  times 
were  measured  by  run  time  meters  on  the  flail  mill  feed  conveyor  and  the 
incinerator  blowers,  respectively.  Storage  subsystem  operating  time  was 
equal  to  the  incinerator  time  minus  the  time  the  incinerator  was  fed 
from  the  floor.  The  ash  removal  system  and  boiler  operating  times  were 
measured  by  meters  on  the  ash  conveyor  and  Induced  draft  (I.D.)  fans, 
respectively. 

The  operating  time/repair  time  ratio  was  used  as  a  measure  of 
actual  system  performance.  A  large  value  indicated  satisfactory  oper¬ 
ation.  A  small  ratio  indicated  that  a  heavy  maintenance  burden  was 
needed  to  keep  the  subsystem  operational. 
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The  results  are  separated  into  three  major  subsections:  mission 
analysis,  operational  parameters  analysis,  and  subsystem  analysis.  The 
actual  and  predicted  results  are  compared  in  Table  5,  and  a  percentage 
difference  is  shown.  Recommendations  on  improving  mission  performance 
will  be  given  as  part  of  the  Subsystem  Analysis  Results  section. 

Mission  Analysis 

Missions  1 ,  4 ,  and  5 .  Missions  1,  4,  and  5  were  not  accomplished 
over  the  study  period  because  the  boiler  subsystem  was  not  functional. 
Steam  was  not  produced  due  to  technical  and  administrative  problems, 
which  are  discussed  in  the  Boiler  Subsystem  section. 


Missions  2  and  3.  The  HRI  performed  these  two  missions  from  June 
1982  to  May  1983.  For  Mission  2  --  processing  and  incinerating  solid 
waste  --  the  reliability  was  0.25,  and  the  inherent  availability  was 
0.69.  Mission  3  --  incinerating  solid  waste  only  --  had  a  reliability 
of  0.51  and  an  inherent  availability  of  0.86.  The  reliability  values 
for  Missions  2  and  3  were  62%  and  30%  lower  than  the  respective  expected 
values  of  0.66  and  0.73  (Table  5).  The  availability  values  for  Missions 
and  3  were  23%  and  4%  lower  than  the  expected  values  of  0.69  and  0.86 
(Table  5).  The  principal  causes  of  the  shortfall  were  equipment  and 
design  problems  in  the  processing  and  incineration  subsystems  (see 
Subsystem  Analysis). 

Operational  Parameters  Analysis 

Activity  Waste  Generation.  NAS  Jacksonville  generated  an  average 
of  31.0  TPD  of  solid  waste,  and  the  HRI  accepted  an  average  of  7.3  TPD 
of  this  amount.  The  facility  received  1,871  tons  of  solid  waste,  while 
another  5,577  tons  were  sent  to  the  facility  but  could  not  be  accepted. 

Of  the  1,871  tons,  1,439  were  processed,  138  were  rejected  by  hand 
sorting,  and  294  tons  were  fed  directly  to  the  incinerators. 

The  31.0  TPD  generated  by  the  activity  was  22.5%  lower  than  the 
predicted  value  of  40  TPD  (Table  5).  This  shortfall  would  mean  a  substan 
tial  loss  of  revenue  from  a  functional  HRI  and  was  caused  by  inadequate 
predesign  planning.  The  pertinent  studies  were  conducted  for  short 
periods  of  time  (less  than  2  weeks)  by  the  HRI  contractor.  This  length 
of  time  is  statistically  insignificant  when  compared  to  the  long-term 
operation  of  the  HRI.  This  was  demonstrated  by  examining  the  large 
variation  in  solid  waste  generated  over  the  study  period.  The  quantity 
of  waste  varied  from  621  to  995  tons/month  or  25  to  40  TPD. 

It  is  recommended  that  a  comprehensive  planning  study  be  completed 
before  an  HRI  design  is  begun.  A  planning  study,  such  as  that  developed 
by  NCEL  (Ref  11),  would  provide  accurate  data  on  averages  and  variability 
of  composition,  quantity,  and  fuel  characteristics  of  the  activity 
waste.  This  is  necessary  to  obtain  the  maximum  economic  potential  and 
best  design  of  the  HRI.  A  proper  study  would  also  provide  justification 
for  any  special  equipment  or  procedures  required  to  utilize  the  waste. 


Processing  Hate.  The  processing  subsystem  handled  1,439  tons  of 
waste,  producing  1,311  tons  of  incinerator  feed  and  128  tons  of  trommel/ 
magnetic  separator  rejects.  The  processing  rate  was  2.1  TPH,  which  was 
58%  lower  than  the  design  rate  of  5  TPH  (Table  5).  The  shortfall  was 
caused  by  the  lack  of  space  between,  and  the  number  of  problems  with, 
each  piece  of  equipment. 

Incineration  Rate.  The  incineration  subsystem  burned  1,311  tons  of 
processed  waste  and  294  tons  of  floor  fed  waste,  producing  220  tons  of 
wet  ash.  The  incinerators  averaged  only  0.45  TPH  compared  to  the  expected 
system  rate  of  1.67  TPH.  This  73%  shortfall  (Table  5)  was  due  to  the 
number  of  hydraulic  system  and  ram  failures  in  the  incineration  subsystem. 
These  problems  are  discussed  in  the  Incinerator  Subsystem  section. 

Ash  Production.  The  HRI  produced  an  estimated  0.09  ton  of  dry  ash 
per  ton  of  waste  incinerated  from  a  measured  value  of  0.14  ton  of  wet 
ash/ton  of  waste.  This  was  a  12%  increase  when  compared  to  the  0.08  pre¬ 
dicted  dry  ash  value  (Table  5).  The  increase  in  ash  production  was 
perhaps  due  to  the  use  of  floor-fed  solid  waste  as  18%  of  the  feedstock, 
which  had  an  ash  content  of  15%  (Appendix  B) . 

Landfill  Reduction  and  Cost  Savings.  The  reduction  in  landfill 
waste  was  1,385  tons  or  74%  of  the  waste  accepted  by  the  HRI .  At  a 
disposal  cost  of  $7/ton,  the  HRI  saved  $9,700  in  landfill  costs,  even 
though  only  24%  of  the  activity  waste  generated  was  accepted  by  the 
facility.  The  74%  reduction  in  landfill  waste  indicated  the  potential 
benefit  of  this  process,  especially  in  areas  with  high  disposal  costs  or 
a  lack  of  landfill  space. 

Energy  Parameters.  Of  the  total  energy  input  to  the  HRI,  89%  was 
from  solid  waste,  as  calculated  in  Appendix  B.  If  steam  had  been  pro¬ 
duced,  (actually,  no  fossil  fuel  offsets  were  produced)  fossil  fuel 
offsets  would  have  been  29.4  BOE/wk.  The  solid  waste  energy  supplied 
value  was  approximately  the  same  as  predicted;  and  the  potential  fossil 
fuel  offsets  were  80%  lower  than  the  predicted  values  (Table  5).  The 
shortfall  in  potential  fossil  fuel  offsets  resulted  from  the  lower 
quantity  of  waste  generated  and  the  various  equipment  problems  that 
occurred  in  the  incinerator  subsystem. 

Processing  Time.  The  processing  subsystem  averaged  13.2  hr/wk  of 
operation  which  was  67%  lower  than  the  design  value  (Table  5).  The  main 
causes  of  the  shortfall  were  shortage  of  waste,  equipment  problems, 
inadequate  space  between  pieces  of  equipment,  and  dust  control.  These 
problems  are  discussed  in  the  Processing  Subsystem  section. 

Incineration  Time.  The  incinerators  averaged  70.4  hr/wk  of  opera¬ 
tion,  which  was  41%  lower  than  the  design  value  (Table  5).  The  main 
causes  of  the  shortfall  were  equipment  problems  and  a  lack  of  available 
feedstock  (see  Storage  Subsystem  section). 
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Subsystem  Analysis 


The  detailed  analysis  of  this  HRI  system  shows  that  the  facility 
could  not  have  adequately  performed  its  intended  tasks.  The  HRI  had  108 
maintenance  actions  which  include  32  failures.  Total  repair  time  was 
795  hours  of  preventive  and  corrective  maintenance  with  196.8  hours  of 
repair  time  for  the  32  failures.  The  problems  were  inherent  to  the 
system  and  not  caused  by  the  type  of  HRI  facility.  Therefore,  the 
recommendations  for  HRI  improvement  are  based  on  preventing  deficiencies 
in  future  designs  rather  than  correcting  the  number  of  problems  at  the 
NAS  Jacksonville  HRI. 

Receiving  Subsystem.  RAM  parameters  for  this  subsystem  were  not 
determined  because  operating  time  data  were  not  collected.  The  subsystem 
had  a  few  typical  problems  with  the  front-end  loader  (flat  tires,  mechan¬ 
ical  problems)  and  a  major  design  problem  with  the  small  size  of  the 
tipping  floor.  The  tipping  floor  had  an  area  of  400  ft2  to  handle 
7.3  TPD.  This  value  was  76%  smaller  than  the  recommended  value  of 
1,680  ft2  based  on  230  ft2/TPD  (Ref  5).  This  situation  occurred  because 
the  building  housing  the  facility  was  too  small  to  include  a  processing 
line  and  an  adequately  sized  tipping  floor.  In  future  designs  it  is 
recommended  that  a  minimum  of  230  ft2/TPD  of  area  be  set  aside  for  the 
tipping  floor. 

Processing  Subsystem.  The  processing  subsystem  had  the  worst 
overall  performance  of  the  subsystems.  The  subsystem  had  a  mean  time 
between  failure  (MTBF)  of  only  61.2  hours  with  a  corresponding  reliabil¬ 
ity  of  0.52.  The  inherent  availability  was  0.83.  The  processing  rate 
was  2.1  TPH ,  which  is  58%  less  than  the  design  goal  of  5  TPH  (Table  5). 
Fifteen  maintenance  actions  occurred  which  included  11  failures.  Total 
maintenance  time  was  142  hours,  with  51.4  hours  spent  on  repairs  of 
failed  parts.  Maintainability  parameters  were  4.7  hours  for  mean  time 
to  repair  (MTTR) ,  a  maintainability  ratio  (MR)  of  0.076  hr/operating  hr, 
and  a  5:1  ratio  of  operating  time  to  total  repair  time. 

The  processing  subsystem  consisted  of  seven  major  equipment  systems. 
Three  equipment  systems  either  did  not  operate  or  rarely  operated  during 
the  study  period.  Two  of  these  systems  --  the  cyclone  separator  and  its 
support  dust  collector  system  --  were  never  operated  because  the  cyclone 
separator  did  not  work  properly.  The  separator  was  very  labor-intensive, 
requiring  constant  attention  to  operate  and  excessive  maintenance  to 
clear  waste  plugs.  The  waste  plugs  were  caused  by  the  waste  discharge 
valve  which  was  too  small  and  by  the  large  pieces  of  film  plastic  that 
initiated  the  plugs.  If  future  separators  are  used,  the  design  should 
be  based  on  the  waste  types  identified  in  a  predesign  waste  composition 
study  (Ref  11). 

The  third  equipment  system  that  rarely  operated  was  the  industrial 
shredder.  The  shredder  drive  motor  was  removed  and  installed  on  the 
flail  mill  to  keep  the  flail  mill  operating,  and  the  Public  Works  Depart¬ 
ment  was  not  able  to  replace  the  motor  for  the  shredder.  Three  design 
problems  justified  the  cannibalization  of  the  shredder.  The  first  was 
that  initially  the  shear  pin  yield  strength  was  higher  than  the  strength 
of  the  shredder  teeth.  This  caused  the  teeth  to  break  before  the  shear 
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pin  would  fail,  thus  necess i tat ing  expensive  repairs.  This  situation 
should  be  reversed  (teeth  stronger  than  shear  pins)  to  prevent  unnecessary 
repairs  and  cost.  The  second  problem  was  the  3-  by  4-foot  size  of  the 
loading  chute.  Many  of  the  bulky  items  sorted  from  the  waste  (pallets, 
wooden  forms)  were  larger  than  the  loading  chute,  thus  requiring  extensive 
manual  labor  to  break  the  items  down  into  a  size  suitable  for  feeding  to 
the  shredder.  These  items  were  then  often  fed  to  the  incinerator  rather 
than  to  the  shredder.  To  justify  the  use  of  a  shredder  and  to  determine 
equipment  size  and  characteristics  that  match  incoming  waste  characteris¬ 
tics,  a  preliminary  study  should  be  conducted  (Ref  11).  The  third 
problem  was  the  operation  of  the  reversing  mechanism  on  the  shredder 
drive  motor.  This  mechanism  was  designed  to  reverse  the  shredder  action 
to  free  jammed  items.  Either  the  mechanism  did  not  operate  or  did  not 
indicate  when  a  problem  occurred  because  shredder  teeth  were  broken 
under  jammed  conditions.  Periodic  checks  of  the  mechanism  and  some  type 
of  indication  that  the  mechanism  has  operated  should  be  included  in 
future  designs. 

All  of  the  eleven  processing  subsystem  failures  occurred  in  the 
four  remaining  equipment  systems.  Seven  of  these  failures  occurred  in 
the  conveyor  belt  system  with  four  belt  breaks,  one  broken  belt  clip, 
one  motor  burnout,  and  one  set  of  worn  out  idler  roller  bearings.  The 
first  five  failures  were  wear-out  types,  indicating  the  need  for  a  heavy 
duty  belt  conveyor  or  periodic  equipment  checks.  The  last  two  failures 
occurred  in  the  first  6  months  and  were  caused  by  dust  contamination. 

The  processing  of  solid  waste  creates  a  large  quantity  of  dust  that 
coats  machinery,  causing  overheating  and  abrasion.  It  is  recommended 
that  increased  routine  maintenance  be  conducted  on  the  motors  and  bearings 
in  the  processing  subsystem.  This  procedure  was  implemented  in  the  last 
6  months  and  seemed  to  work,  as  no  dust  failures  occurred  during  this 
time.  The  reporting  period,  however,  was  too  short  to  form  definitive 
conclusions.  It  is  recommended  that  better  preventive  maintenance 
practices  be  included  in  future  designs. 

Three  other  failures  also  occurred  due  to  dust  contamination  as  the 
magnetic  separator  electric  motor  burned  out  twice  and  the  flail  mill 
bearings  wore  out.  The  flail  mill  bearings  were  a  persistent  problem 
before  and  during  the  study  period.  An  automatic  lubricating  system  was 
installed  in  the  last  period  which  seemed  to  correct  the  bearing  problem. 
The  operating  time,  however,  was  too  short  to  form  definitive  conclusions. 
The  bearing  lubrication  system  is  recommended  for  future  designs,  while 
the  motor  dust  contamination  should  be  corrected  by  increasing  the  level 
of  routine  maintenance. 

The  final  failure  was  a  broken  drive-belt  on  the  trommel  screen. 

This  occurred  as  a  result  of  a  combination  of  wear  and  dust  abrasion  and 
could  have  been  corrected  through  increased  routine  maintenance. 

In  addition  to  the  mechanical  problems,  the  processing  system  also 
had  functional  problems  in  the  form  of  equipment  jams  (four  other  actions). 
The  worst  areas  were  the  shredder  discharge,  and  the  trommel  inlet  and 
discharge.  The  system  design  included  very  severe  space  restrictions. 

As  a  result,  clearances  between  adjacent  pieces  of  equipment  were  inade¬ 
quate,  causing  jams  and  making  it  more  difficult  to  remove  the  jams, 
especially  in  the  three  problem  areas.  The  jams  required  numerous  shut¬ 
downs  and  extensive  maintenance  manpower  to  clear  and  then  restart  the 
system.  It  is  recommended  that  future  designs  carefully  evaluate  clear¬ 
ance  and  space  requirements  to  prevent  these  types  of  problems. 
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Design  changes  were  required  in  the  flail  mill  and  the  flail  mill 
conveyor.  The  flail  mill  ejected  material  over  the  side  barriers  of  the 
flail,  creating  a  hazardous  situation  inside  the  facility.  Additional 
protection  was  added  to  control  the  direction  of  the  shredded  waste. 

The  flail  mill  conveyor  was  installed  backwards  and  was  too  expensive  to 
remove  and  reinstall;  therefore,  modifications  had  to  be  made  so  that 
the  conveyor  could  operate  correctly. 

Overall,  the  processing  subsystem  performed  poorly  with  eleven 
failures  and  four  other  actions  over  the  study  period.  The  primary 
problems  were  dust  contamination  and  lack  of  space  for  proper  equipment 
operation . 

It  is  recommended  that  a  dust  control  system  using  increased  build¬ 
ing  ventilation  and/or  physically  separating  dust-producing  areas  from 
other  equipment  be  added  to  future  designs.  These  recommendations 
should  reduce  dust-related  failures  and  the  maintenance  burden  associated 
with  preventing  performance  degradation  from  dust.  Dust-related  problems 
are  easily  corrected,  and  future  processing  system  designs  should  perform 
better . 

Storage  Subsystem.  The  storage  subsystem  had  the  best  overall 
performance  of  the  six  subsystems  because  it  was  underutilized  during 
the  study.  The  system  had  a  MTBF  of  2,778  hours,  with  a  corresponding 
reliability  of  0.96.  The  inherent  availability  was  0.97.  The  discharge 
rate  was  0.47  TPH  which  is  16%  of  the  3  TPH  design  goal.  Eleven  main¬ 
tenance  actions  occurred  which  included  one  failure.  The  failure  was  a 
broken  conveyor  belt  similar  to  the  processing  subsystem  failures. 

Total  maintenance  time  was  76  hours  with  25  hours  spent  on  one  failed 
part  repair.  Maintainability  parameters  were  25  hours  for  MTTR,  0.009 
hr/operating  hr  for  MR,  and  a  37:1  ratio  of  operating  time  to  total 
repair  time. 

The  storage  subsystem  experienced  the  fewest  number  of  failures 
over  the  study  period,  but  it  has  a  number  of  operational  and  design 
problems  that  make  this  type  of  storage  system  unsuitable  for  future 
designs  using  shredded  or  raw  waste.  There  are  four  design  problems: 
inlet  conveyor  drive  motor  location,  inlet  conveyor  discharge,  bin 
capacity,  and  bin  bottom  discharge  design. 

The  inlet  conveyor  dri,re  motor  is  located  on  the  side  of  the  con¬ 
veyor  opposite  the  catwalk.  This  renders  the  motor  inaccessible  to  any 
routine  or  corrective  maintenance  procedures.  Future  designs  should 
ensure  that  access  is  readily  available  to  the  conveyor  drive  motor  and 
any  other  piece  of  equipment  requiring  periodic  or  emergency  maintenance. 

The  inlet  conveyor  discharge  created  another  problem  in  that  the 
conveyor  ends  at  a  fixed  point.  This  creates  a  large  pile  of  waste 
which  is  not  easily  distributed  throughout  the  bin.  The  concentration 
of  waste  causes  the  screw  augers  to  jam,  and  if  the  waste  pile  is  too 
high,  the  waste  backs  up  on  the  conveyor.  The  system  originally  had  a 
spreader  mechanism  but  it  did  not  work  and  was  removed  soon  after  the 
HRI  was  opened.  HRI  personnel  had  to  manually  spread  the  waste  pile  out 
and  slow  down  the  screw  augers  and  auger  drive  to  discharge  the  waste 
from  the  bin.  The  combination  of  screw  augers  and  a  set  inlet  discharge 
point  should  be  avoided  in  future  designs. 


The  storage  bin  capacity,  which  is  29  tons,  was  barely  adequate  at 
the  design  waste  generation  rate  of  40  TPD  or  1.67  TPH.  The  incinerators 
would  empty  the  bin  and  be  nonoperational  if  waste  deliveries  were  late, 
quantity  fluctuated,  or  a  breakdown  in  the  processing  subsystem  occurred. 
It  is  recommended  that  future  designs  be  based  on  having  a  sufficient 
capacity  to  accommodate  for  changes  in  waste  generation  rates  and  equip¬ 
ment  problems. 

The  final  design  problem  was  that  the  bin  sides  are  open  at  the 
bottom  to  allow  the  traversing  of  the  screw  auger  drive  assembly.  The 
openings  allow  solid  waste  to  escape  from  the  bin,  thus  clogging  the 
gears  and  chains  of  the  drive  assembly.  The  clogging  slows  the  drive 
movement,  causes  jams,  and  causes  the  drive  assembly  to  jump  off  the 
chain.  This  type  of  design  should  be  avoided  in  the  future. 

In  addition  to  the  design  problems,  there  were  operational  problems 
with  the  storage  subsystem.  Long,  stringy  waste  materials  would  wrap 
around  and  jam  the  augers,  requiring  extensive  manpower  to  clear  the 
jam.  If  a  large  waste  pile  were  formed,  the  drive  carriage  of  the  screw 
auger  would  slow  down  or  have  to  be  manually  controlled  to  prevent 
damage  to  the  drive  motor.  This  procedure  is  labor-intensive  and  reduces 
the  discharge  rate  from  the  bin. 

The  overall  effect  of  these  design  and  operational  problems  was  to 
reduce  the  discharge  rate  to  only  16%  of  design.  Combined  with  the 
labor-intensive  nature  of  operating  this  storage  subsystem,  it  is  recom¬ 
mended  that  this  type  of  storage  bin  not  be  used  in  future  designs.  A 
better  design  would  be  a  below-ground  storage  pit  and  crane  system. 

Incinerator  Subsystem.  The  incineration  subsystem  had  the  second 
worst  performance  of  the  six  subsystems.  The  system  had  an  MTBF  of 
224.5  hours,  with  a  corresponding  reliability  of  0.59.  The  inherent 
availability  was  0.91.  The  incineration  rate  was  0.45  TPH  which  is  only 
27%  of  the  2  TPH  design  goal  (Table  5).  Forty-four  maintenance  actions 
occurred  which  included  16  failures.  Total  maintenance  time  was  368  hours 
with  89  hours  spent  on  part  repair.  Maintainability  parameters  were 
5.6  hours  for  MTTR,  0.025  hr/operating  hr  for  MR,  and  a  10:1  ratio  of 
operating  time  to  total  repair  time. 

The  incineration  subsystem  experienced  the  most  failures  over  the 
study  period;  these  failures  are  broken  down  into  three  areas:  hydraulic 
system  failures,  failures  due  to  excessive  heat,  and  other  failures. 

Nine  of  the  16  failures  occurred  in  the  hydraulic  system.  The 
principal  problem  areas  were  hose  breaks,  cylinder  failure,  and  a  stuck- 
open  relief  valve.  These  failures  averaged  over  7  hours  each  to  repair. 
The  maintenance  problem  was  due  mainly  to  the  inaccessibility  of  the 
hydraulic  system  equipment.  The  system  was  underneath  the  main  floor 
and  was  only  accessible  through  concrete  covers  that  required  two  men  to 
lift.  One  side  of  the  unit  was  4  inches  from  a  wall,  making  repairs 
very  difficult.  Lighting  was  poor,  and  small  pieces  of  solid  waste  that 
fell  through  holes  in  the  concrete  cover  coated  the  unit.  The  filler 
caps  for  the  hydraulic  systems  were  covered  by  this  waste,  causing 
hydraulic  oil  contamination  when  the  unit  was  refilled. 

Hydraulic  hose  breaks  accounted  for  six  failures.  The  principal 
reasons  for  these  were  the  length  and  routing  of  the  hoses.  Long  hoses 
wear  out  faster  from  being  dragged  on  the  floor  and  from  kinks  and 
twists  that  damage  the  hose.  The  routing  of  the  hoses  allowed  kinking 
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and  abrasion  problems  to  occur.  In  the  last  reporting  period,  many  of 
the  hoses  were  replaced  with  hard  piping  that  eliminated  hose  failures, 
and  the  hydraulic  power  unit  was  moved  up  to  the  main  floor  which  improved 
access  for  repairs.  For  future  designs,  it  is  recommended  that  the 
hydraulic  system  be  on  the  main  floor  in  a  low  dust  environment  with 
sufficient  access  for  repair  and  maintenance;  also  hard  piping  should  be 
utilized  wherever  possible. 

Two  of  the  nine  hydraulic  failures  were  caused  by  ram  cylinder 
failures.  In  one  case,  the  incinerator  feed  door  was  shut  when  the  ram 
feed  cylinder  was  activated.  The  resulting  pressure  bent  the  cylinder 
steel  support  beam  beyond  useful  limits.  Three  changes  would  prevent 
this  problem.  The  first  would  be  the  proper  use  of  pressure  relief 
valves  set  to  prevent  ultra-high  pressures.  The  second  would  be  an 
automatic  control  for  the  loading  door  and  ram  cylinder  actions.  (The 
HRI  has  such  a  system,  but  it  did  not  perform  reliably  and  had  been 
turned  off  prior  to  this  incident.)  Third,  the  use  of  fastening  bolts 
with  a  lower  shear  strength  than  the  bending  strength  of  the  beam  would 
cause  the  bolts  to  shear  before  the  beam  bent,  preventing  costly  repairs. 

The  final  hydraulic  failure  was  a  relief  valve  that  stuck  open. 
Routine  maintenance  of  these  units  would  reduce  this  kind  of  problem. 

Three  incinerator  failures  were  caused  by  excessive  or  fluctuating 
HRI  temperatures.  A  failed  thermocouple  and  door  warpage  were  caused  by 
high  primary  chamber  temperatures.  Better  controls  would  reduce  this 
problem.  Fluctuating  temperatures  due  to  inconsistent  operation  caused 
thin  chips  of  refractory  to  break  away  from  the  HRI  walls.  This  process 
is  called  spalling  and  can  be  prevented  if  HRI  reliability  and  waste 
feedrate  control  (less  temperature  fluctuation)  are  improved. 

The  rest  of  the  incinerator  failures  were  unrelated.  Three  of  the 
five  failures  occurred  in  the  secondary  chamber  oil  burner  due  to  worn 
seals.  The  other  two  failures  were  a  break  in  the  incinerator  feed  belt 
and  a  fire  under  the  incinerator  access  plates.  More  routine  maintenance 
and  better  access  to  the  equipment  (secondary  oil  burner)  would  reduce 
these  problems. 

Twenty-eight  maintenance  actions  also  occurred  that  involved  replac¬ 
ing  hydraulic  hoses  before  failure,  unjamming  ash  and  feed  rams,  and 
adjusting  conveyors  and  the  controls  of  the  automatic  feed  door/ram 
cylinder  control  system.  These  maintenance  actions  were  not  failures 
and  do  not  affect  reliability.  However,  they  do  indicate  the  variety  of 
problems  that  caused  the  poor  performance  of  the  incineration  subsystem. 

The  incineration  subsystem  also  had  inadequate  control  of  combustion 
air  and  was  located  outside  of  the  facility.  The  leakage  of  air  into 
the  incinerators  overwhelmed  the  combustion  air  control  system,  resulting 
in  excessive  temperatures  and  slagging.  The  incinerators  and  boilers 
were  exposed  to  adverse  weather  conditions  which  made  repairs  more 
difficult  and  unsafe,  and  corroded  the  equipment. 

Poor  design,  operation,  and  equipment  failures  were  the  main  reasons 
for  the  poor  performance  of  the  incinerator  subsystem.  The  hydraulic 
system,  the  feed  and  ash  rams,  and  the  lack  of  waste  feedstock  which 
caused  inconsistent  incinerator  operation  (temperature  fluctuation)  had 
major  effects  on  incinerator  performance.  The  incinerator  did  fulfill 
the  primary  mission  of  the  HRI  even  with  all  of  the  performance  problems. 
The  74%  volume  reduction  in  solid  waste  accepted  shows  the  potential 
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benefits  of  this  type  of  process  if  reliable  performance  can  be  sustained. 

By  implementing  the  suggested  recommendat i ons  in  future  designs,  the 
incinerator  reliability  and  landfill  reduction  performance  should  improve. 

Ash  Subsystem.  The  ash  subsystem  had  the  second  best  overall 
performance  of  the  six  subsystems.  The  system  had  an  MTBF  of  812.2  hours, 
with  a  corresponding  reliability  of  0.86.  The  inherent  availability  of 
the  system  was  0.94.  The  ash  removal  rate  was  0.09  ton  of  dry  ash/ton 
of  waste  incinerated,  which  was  only  12%  above  the  expected  value  (Table  5). 
Thirty-eight  maintenance  actions  occurred,  which  included  four  failures. 
Total  maintenance  time  was  209  hours  with  31.4  hours  spent  on  repairs. 
Maintainability  parameters  were  7.8  hours  for  MTTR,  0.010  hr/operating  hr 
for  MR,  and  a  1 6 : 1  ratio  of  operating  time  to  total  repair  time. 

All  of  the  38  maintenance  actions  occurred  in  the  ash  conveyor. 

The  four  failures  involved  breakage  of  shear  pins,  which  were  designed 
to  prevent  conveyor  damage.  In  general,  the  shear  pins  operated  correctly, 
failing  before  the  conveyor  was  damaged.  The  34  other  actions,  primarily 
conveyor  jams  or  the  chain  leaving  the  sprocket,  were  caused  by  large 
chunks  of  unburned  waste.  This  problem  would  be  reduced  if  the  incin¬ 
erator  were  fed  only  processed  waste,  and  large  pieces  of  noncombustibles 
were  prevented  from  entering  the  incinerator. 

Two  additional  design  changes  would  improve  ash  subsystem  performance. 
The  first  would  be  to  provide  a  separate  ash  conveyor  for  each  incinerator. 
The  existing  design  uses  one  ash  conveyor  to  remove  ash  from  all  three 
incinerators.  If  the  conveyor  fails,  solid  waste  incineration  has  to 
stop  to  prevent  an  overload  of  ash  in  the  ash  subsystem.  Second,  future 
ash  subsystem  designs  should  ensure  that  no  moving  parts  of  the  conveyor 
enter  water.  This  should  reduce  the  potential  for  jams,  and  reduce  the 
lubrication  requirements  of  the  conveyor.  In  general,  the  ash  subsystem 
performed  adequately.  The  problems  with  the  performance  of  this  subsystem 
can  be  corrected  with  the  suggested  design  changes. 

Boiler  Subsystem.  The  boiler  subsystem  did  not  produce  any  steam 
during  the  study  period.  There  were  three  reasons  why  the  boiler  subsystem 
never  operated.  The  first  was  an  inadequate  automatic  boiler  water 
level  control.  The  control  system  did  not  accurately  measure  the  water 
level  inside  the  boiler,  thus  preventing  consistent  production  of  the 
necessary  quality  and  quantity  of  steam.  Also,  the  boiler  sightglass 
for  manual  water  level  control  could  not  be  seen  from  the  water  valve. 

Either  two  persons  had  to  be  used  to  adjust  the  level,  or  one  person  had 
to  do  both  jobs.  This  was  very  time-consuming,  as  the  water  level 
needed  constant  adjustment.  It  is  recommended  that  a  more  sophisticated 
control  system  be  installed  in  future  designs. 

The  second  reason  was  a  lack  of  access  to  the  boiler  tubes  for 
maintenance  or  repair.  Two  small  ports  are  available  on  each  side  of 
the  boiler,  but  these  are  not  adequate  to  reach  all  of  the  boiler  tubes. 
Because  of  this,  the  boiler  tubes  were  not  cleaned  and  could  not  effi¬ 
ciently  produce  steam.  It  is  recommended  that  easy  access  to  all  parts 
of  the  boiler  be  designed  to  ensure  that  proper  maintenance  and  repair 
procedures  can  be  accomplished. 

The  third  reason  was  the  spacing  and  the  condition  of  the  boiler 
tubes.  The  tubes  were  too  closely  spaced  for  the  fly  ash  produced  in 
the  HRI .  The  spacing  between  the  front  tubes  became  clogged  with  ash, 
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restricting  air  flow  through  the  boiler,  and  preventing  steam  production. 
Steam  soot  blowers  were  provided,  but  they  may  not  have  been  able  to 
operate  properly  under  the  ash  loading  and  lack  of  access  for  ash  removal. 
Also,  the  boiler  tubes  rusted  from  exposure  because  the  boilers  were  not 
located  inside  the  main  building.  It  is  recommended  that  all  HRI  equip¬ 
ment  be  located  inside  the  main  building  to  protect  it  from  the  weather, 
that  boiler  tubes  be  adequately  spaced  for  the  ash  particle  size  and 
loading  rates,  and  that  soot  blowers  for  the  water  tube  boilers  be 
properly  installed,  if  required. 

There  were  also  three  administrative  reasons  why  the  boiler  subsystem 
did  not  operate.  The  first  was  the  labor-intensive  nature  of  producing 
steam  due  to  water  level  control.  The  HRI  was  originally  designed  so 
that  only  one  person  was  needed  to  supervise  the  automatic  operation  of 
the  facility.  Actually,  two  people  are  required  to  keep  the  boiler 
alone  operating.  Therefore,  it  was  not  cost-effective  to  operate  the 
boiler  subsystem. 

Second,  the  Public  Works  Department  had  a  limited  number  of  person¬ 
nel  available  for  work  at  the  HRI  and  the  other  boiler  facilities.  Due 
to  the  problems  at  the  HRI,  the  manpower  could  more  effectively  produce 
steam  at  the  conventional  boiler  facility. 

The  third  reason  was  the  quantity  of  HRI  steam  that  could  be  produced. 
The  HRI  could  only  produce  12,000  lb  of  steam/hour  which  did  not  even 
meet  the  minimum  requirements  (18,000  lb/hr)  for  starting  the  steam 
pumps  at  the  adjacent  boiler  facility.  Future  designs  should  ensure 
that  the  HRI  be  located  adjacent  to  a  facility  where  the  steam  can  be 
utilized  so  that  the  full  fossil  fuel  savings  can  be  realized. 

In  summary,  the  boiler  subsystem  did  not  produce  steam  (the  secondary 
task  of  the  HRI)  because  of  the  extra  manpower  required  to  operate  the 
system  and  because  the  HRI  steam  output  did  not  meet  minimum  requirements 
for  steam  distribution  circuitry.  HRI  boiler  designs  considered  in  the 
future  should  ensure  proper  access  for  maintenance  and  repair  and  that 
proper  controls  for  automatic  boiler  operation  are  installed.  Also,  the 
HRI  steaming  capability  should  be  utilized  so  that  the  maximum  fuel 
savings  potential  is  realized. 


CONCLUSIONS 

The  HRI  at  NAS  Jacksonville  did  not  fulfill  design  performance  at 
anytime  over  the  study  period.  The  principal  reasons  for  the  poor 
performance  were  inadequate  design  of  the  hydraulic  system,  boiler  water 
level  control  system,  and  storage  system.  Dust  contamination  and  waste 
jams  caused  a  number  of  maintenance  actions  that  shut  down  various 
subsystems  or  the  entire  HRI.  The  facility  was  unacceptably  labor- 
intensive  in  operation,  placing  a  strain  on  the  resources  of  the 
NAS  Jacksonville  Public  Works  Department  that  ultimately  led  to  the 
shutdown  of  the  plant. 


19 


RECOMMENDATIONS 


NCEL  recommendations  are  organized  into  areas  of  planning,  design, 
operation,  and  maintenance.  These  recommendations  are  primarily  for 
design  elements  reviewed  in  this  report,  that  should  be  carefully  con¬ 
sidered  in  an  HRI  being  designed  for  any  Navy  facility. 

Planning  Criteria 

•  Prior  to  HRI  design,  conduct  a  long-term  study  to  determine  the 
variability  of  waste  quantities  and  composition.  This  study  should  be 
conducted  as  outlined  in  Reference  11,  which  is  a  new  solid  waste  survey 
method  developed  by  NCEL.  This  method  involves  the  collection  of  data 
for  25  to  30  days  over  a  year's  period  and  then  analyzes  the  data  statis¬ 
tically  to  provide  accurate  results.  The  benefit  of  this  procedure  is 
that  the  HRI  can  be  properly  designed  for  the  type,  quantity,  and  vari¬ 
ability  of  waste  available.  This  will  reduce  capital,  operation,  and 
maintenance  costs,  improve  reliability,  and  justify  the  need  for  any 
particular  type  of  special  equipment. 

Design  Criteria 

•  The  hydraulic  system  of  the  incinerr^or  should  be  in  a  clean 
area  that  is  easily  accessible,  with  room  for  maintenance  and  repairs. 
Hard  piping  should  be  used  wherever  possible,  and  any  hydraulic  hoses 
required  should  be  laid  out  in  short  lengths  with  no  kinks  or  twists. 

•  The  RDF  storage  system  should  be  sized  to  accommodate  normal 
solid  waste  deliveries  for  one  or  two  days,  as  well  as  compensate  for 
HRI  downtime  and  variations  in  waste  quantity.  The  conf igutation  of  the 
storage  system  can  be  a  storage  pit  with  crane  removal.  Do  not  use 
bottom-deployed  screw  augers  to  move  raw  or  shredded  waste. 

•  The  boiler  should  have  ready  inside  access  to  allow  for  ash 
removal,  and  maintenance  and  repair  procedures.  The  boiler  should  also 
have  reliable  controls  so  that  accurate  automatic  operation  is  possible, 
and  that  the  required  flow  of  steam  at  design  enthalphy  can  be  produced. 
Boiler  tubes  should  be  adequately  spaced  for  the  ash  particle  sizes  and 
loading  rates.  Soot-blowing  equipment  for  water  tube  boilers  should  be 
properly  installed,  if  required. 

•  Any  piece  of  equipment  that  is  subjected  to  pressure  or  imposes 
pressures  (hydraulic  cylinders,  shredder,  flail  mill  equipment,  or  ash 
conveyors)  should  be  designed  with  shear  pins  or  pressure  relief  valves 
so  that  permanent  damage  cannot  occur  to  support  brackets  or  operating 
surfaces  (e.g.,  shredder  teeth). 

•  The  tipping  floor  should  have  a  minimum  area  of  230  ft2/TPD  to 
allow  for  effective  handsorting  and  safe  front-end  loader  movement. 


•  There  should  not  be  any  kind  of  space  restriction  in  the  design 
of  the  facility.  Adequate  space  for  maintenance,  repair,  and  waste 
movement  from  subsystem  to  subsystem  is  essential  to  ensure  reliable 
operation  of  the  HRI . 

•  Control  instrumentation  should  be  liberally  included  in  the 
design  to  ensure  reliable  operating  performance  while  providing  alarms 
when  problems  develop  (e.g.,  signals  that  shredder  anti-jam  mechanism 
has  operated). 

•  HRI  steam  production  capability  should  be  matched  with  facility 
demand  and  circuitry  such  that  the  HRI  capacity  and,  thus,  fossil  fuel 
savings  can  be  fully  utilized. 

•  Dust  control  and  automatic  lubrication  systems,  and/or  physical 
enclosures  for  dust-producing  areas  are  necessary  to  reduce  maintenance 
requirements  for  motor  and  and  other  machinery  bearings. 

•  All  HRI  equipment  should  be  located  inside  the  HRI  building  to 
prevent  unnecessary  equipment  corrosion. 

Operating  Criteria 

•  Handsorting  of  waste  should  be  utilized  to  remove  bulky  and 
hazardous  items  and  HRI  operators  must  conscientiously  prevent  input  of 
any  items  missed  by  the  floor  crew.  This  will  reduce  HRI  downtime 
caused  by  damage  from  these  items. 

•  The  HRI  should  be  operated  with  a  consistent  input  of  waste  to 
prevent  temperature  variation  failures,  such  as  refractory  spalling  and 
slagging. 

Maintenance  Procedures 


•  Slag  should  be  removed  and  all  of  the  boiler  tubes  cleaned 
weekly . 

•  All  motors  and  bearings  should  be  inspected  and  overhauled 
bi-annually  to  check  for  dust,  to  lubricate,  and  to  correct  any  misalign¬ 
ment. 


•  Rams  should  be  inspected  bi-annually  to  correct  warpage  or 
misalignment . 
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LIST  OF  SYMBOLS/ACRONYMS 


ACS 

A. 

1 

A 

o 

AP 

BOE 

Btu 

CC 

CF 


CFFFO 

CMR 

CP 

DA 


DR 


df 


fo 


wo 


t 

FFO 


Average  cost  of  steam,  $/MBtu 
Inherent  operational  availability 

Operational  availability  as  a  probability  (see  Equation  A-9), 
expressed  as  a  decimal 

Ash  production  (see  Equation  A-31),  ton/ton  incinerated 
Barrels  of  oil  equivalent 
British  thermal  unit 

Total  cost  of  consumable  supplies  not  included  in  CF,  $ 

Total  cost  of  fuel  used  (fuel  and  waste  oil,  diesel,  and 
electrical  power) ,  $ 

Conversion  factor  for  fossil  fuel  offsets,  5.8  x  10^  Btu/BOE 

Corrective  Maintenance  Ratio  (see  Equation  A-5), 
man-hr/operating  hr 

Total  cost  of  parts  used  in  repair,  maintenance, 
and  replacement,  $ 

Efficiency  of  the  HRI  to  accept  activity  waste 
(see  Equation  A-27),  % 

Efficiency  of  solid  waste  weight  reduction  through  incineration 
(see  Equation  A-30),  % 

Density  of  diesel  fuel,  lb/gal 

Density  of  fuel  oil,  lb/gal 

Density  of  make-up  water,  lb/gal 

Density  of  waste  oil,  lb/gal 

Electrical  energy  supplied  to  the  HRI  (see  Equation  A-25),  Btu 
Base  of  Naperian  log  system  (2.718) 

Conversion  factor,  11,600  Btu/kW-hr 
Fossil  fuel  offsets,  BOE 


FF 


B 
FF 

HRI 

HR1 


H 


df 


fo 


hri 


sw 


w 


wo 


df 


ff 


fo 


sw 

h 

w 

h 

wo 

ID 

IR 

LR 


ff 


Fossil  fuel  energy  used  by  the  boiler,  Btu 
Fossil  fuel  energy  used  by  the  HRI,  Btu 
Heat  recovery  incinerator 

Energy  from  diesel  fuel  supplied  to  front-end  loader  (see 
Equation  A-24),  Btu 

Energy  derived  from  fuel  oil  and  supplied  to  HRI 
(see  Equation  A-19),  Btu 

Energy  supplied  to  HRI  (see  Equation  A-17),  Btu 

Energy  derived  from  solid  waste  and  supplied  to  HRI 
(see  Equation  A-18),  Btu 

Energy  derived  from  make-up  water  (see  Equation  A-21),  Btu 

Energy  derived  from  waste  oil  and  supplied  to  the  HRI 
(see  Equation  A-20) ,  Btu 

Higher  heating  value  from  diesel  fuel,  Btu/lb 

Higher  heating  value  of  floor-fed  solid  waste  as  received,  Btu/lb 
Higher  heating  value  from  fuel  oil,  Btu/lb 
Steam  enthalpy,  Btu/lb 

Higher  heating  value  from  processed  solid  waste,  Btu/lb 
Enthalpy  of  makeup  water  from  standard  tables,  Btu/lb 
Higher  heating  value  of  waste  oil,  Btu/lb 
Induced  draft  fan 

Incineration  rate  (Equation  A-29),  TPH 

Efficiency  in  reducing  landfill  space  for  solid  waste  accepted 
at  HRI  (see  Equation  A-32),  % 

Maintainability 

Quantity  of  floor-fed  solid  waste,  tons 
Quantity  of  solid  waste  rejected  by  the  facility,  tons 
Quantity  of  solid  waste  accepted  by  the  HRI  facility,  tons 
Quantity  of  solid  waste  that  was  hand-rejected,  tons 
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12 


14 


15 


17 


20 


21 


22 


24 


25 


MBtu 

MI 


MR 

Mt 

a 

Mtb 

Mt 

c 

MTBF 

MTTR 

MTBMA 

NAS 

NAVFAC 

NCEL 

Nf 

N 

m  a 
N 

r 

NS 


Processed  solid  waste  fed  to  HRI,  tons 
Wet  ash  removed,  tons 

Steam  produced  over  the  monitoring  period,  pounds 

Make-up  water  consumed,  gallons 

Fuel  oil  supplied  to  HRI,  gallons 

Waste  oil  supplied  to  HRI,  gallons 

Diesel  fuel  supplied  to  front-end  loader,  gallons 

Quantity  of  material  rejected  from  the  dust  filters,  tons 

Quantity  of  material  removed  by  the  trommel  screen  and  the 
magnetic  separator,  tons 

One  million  British  thermal  units 

Maintainability  Index  (see  Equation  A-6) , 
maintenance  man-hr/operating  hr 

Maintainability  Ratio,  maintenance  hr/operating  hr 

Operating  labor  spent  on  the  HRI  during  the  period  t  ,  man-hr 

Maintenance  labor  spent  on  the  HRI  during  the  period  t^,  man-hr 

Maintenance  labor  spent  on  the  HRI  during  the  period  tc>  man-hr 

Mean  time  between  failures  (see  Equation  A-2),  hours 

Mean  time  to  repair  (see  Equation  A-7),  hours 

Mean  time  between  maintenance  action  (see  Equation  A-8),  hours 

Naval  Air  Station 

Naval  Facilities  Engineering  Command 
Naval  Civil  Engineering  Laboratory 

Number  of  failures  that  caused  shutdown  at  the  HRI  or  subsystem 
Number  of  maintenance  actions 
Number  of  repairs 
Naval  Station 
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PR 

PMR 

R 

RAM 

RCRA 

R 

P 

SCC 

SOM 

SP 

SPC 

SRM 

STM 

T 

T 

kwh 

TE 

teb 

TE 

sw 

t 

a 


t 

c 


t 

e 

t 

m 

W 


Processing  rate  of  the  HR]  facility  (see  Equation  A-28),  TPH 

Preventive  Maintenance  Ratio  (see  Equation  A-4), 
man-hr/operating  hr 

Reliability  as  a  probability  (see  Equation  A-3),  expressed  as 
a  decimal 

Reliability,  Availability,  and  Maintainability 
Resource  Conservation  Recovery  Act 

Total  active  repair  time  spent  on  corrective  maintenance,  hours 

Specific  consumable  costs  (see  Equation  A-14),  $/MBtu 

Specific  operating  labor  (see  Equation  A-10),  man-hr/MBtu 

Efficiency  of  steam  production  (see  Equation  A-33),  lb  of 
steam/lb  of  solid  waste 

Specific  part  cost  (see  Equation  A-13),  $/MBtu 

Specific  repairs  and  maintenance  labor  (see  Equation  A-ll), 
man-hr/MBtu 

Specific  total  labor  (see  Equation  A-12),  man-hr/MBtu 

Total  monitoring  period,  hours 

Electricity  supplied  to  the  HRI ,  kW-hr 

Overall  thermal  efficiency  (see  Equation  A-16),  % 

Energy  conversion  process  efficiency  -  boiler 

Energy  conversion  process  efficiency  -  solid  waste 

Operating  period  (HRI,  subsystem,  or  equipment),  hours 

Time  spent  in  routine  maintenance,  hours 

Time  spent  in  repairs/replacements,  hours 

HRI  idle  time  (operational),  hours 

HRI  idle  time  (not  operational),  hours 

Mission  time  for  reliability  calculations, 

40  hours  for  the  receiving  and  processing  subsystems, 

120  hours  for  the  HRI  and  other  subsystems 

Labor  wage  rates,  $/hour 
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Table  1.  Raw  Data  for  NAS  Jacksonville  HRI  From  June  1982  Through  May  1983 
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received) 

Solid  waste  incinerated  277  69  145  191  266  186  1,134  0  155  35  0  270  11  471  1,605 

( tons ) 

Wet  ash  (tons)  ,  17  22  18  48  37  35  177  0  13  18  0  I  8  4  43  220 

Dust  rejected  (tons)  0  j  Oj  Oi  0  0  0  0  Oj  0[  0.  0  0.  0  0  0 


First  6-Month  Period  Second  6-Month  Period 


Table  4.  Results  of  the  Data  Analysis  by  Mission 
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Table  5.  Comparison  Between  Actual  and  Predicted  Results 


Parameter 

Predicted 

Results 

Actual 

Results 

Difference 

(%) 

Reliability,  % 

Mission  1 

53 

— 

-- 

Mission  2 

66 

25 

-62 

Mission  3 

73 

51 

-30 

Mission  4 

59 

-- 

-- 

Mission  5 

76 

-- 

-- 

Availability,  % 

Mission  1 

90 

-- 

-- 

Mission  2 

90 

69 

-23 

Mission  3 

90 

86 

-4 

Mission  4 

90 

-- 

-- 

Mission  5 

90 

-- 

-- 

Activity  waste  generation,  TPD 

40 

31.0 

-22.5 

Processing  rate,  TPH 

5 

2.1 

-58 

Incineration  rate,  TPH 

1.67 

0.45 

-73 

Ash  production,  ton/ ton 

0.08 

0.09 

12.5 

Landfill  reduction,  % 

70 

74 

5.7 

Landfill  cost  savings,  $/yr 

51,000 

9,700 

-81 

Energy  parameters 

Solid  waste,  % 

91 

89 

-2 

Fossil  fuel  offsets,  BOE/wk 

150 

29.4 

-80 

Processing  time,  hr/wk 

40 

13.2 

-67 

Incineration  time,  hr/wk 

120 

70.4 

-41 

Maintenance  (MTTR), 
hr/failure 

Receiving  Subsystem 

10 

-- 

-- 

Processing  Subsystem 

10 

4.7 

-53 

Storage  Subsystem 

10 

25 

250 

Incineration  Subsystem 

10 

5.6 

-44 

Ash  Subsystem 

10 

7.8 

-32 

Boiler  Subsystem 

10 

“  “ 

— 

10 
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' - -»H  BOILER - 
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TROMMEL 

REJECTS 
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ACTIVITY 


L-^GASES  TO  STACK 

(a)  Mission  1:  Process  and  incinerator  solid  waste;  produce  steam. 


WASTE 


RECEIVING 


HAND-SORTED 

REJECTS 


PROCESSING  — 

TROMMEL 

REJECTS 


GASES  TO  STACK 

INCINERATION 

\i  ASH 


I - ►LANDFILLS - 

(b)  Mission  2:  Process  and  incinerate  waste. 


(c)  Mission  3;  Incinerate  solid  waste. 
Figure  2.  Schematic  of  the  five  missions. 
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ACTIVITY 


ACTIVITY 


GASES  TO  STACK 


k 


ASH 

(d)  Mission  4:  Incinerate  waste  to  produce  steam. 


FUEL  OIL 


—  ACTIVITY 


GASES  TO  STACK 


(e)  Mission  5:  Combust  fuel  oil  to  produce  steam. 


Figure  2.  Continued. 


Appendix  A 


PROCEDURE  AND  CALCULATIONS  FOR  RAM  ANALYSIS 


This  appendix  provides  the  definitions  and  formulas  for  the  computa¬ 
tion  of  RAM  parameters,  thermal  efficiency,  and  cost  for  the  complete 
HRI  system. 

TIME 


The  duration  of  HRI  monitoring  period,  T,  is  divided  into  five 
distinct  periods  defined  below: 

t  =  HRI  operating  period,  hours 

3 

t^  =  time  spent  in  routine  maintenance,  hours 

t  =  time  spent  in  repairs/replacements,  hours 

t^  =  idle  time  when  HRI  is  operational  (but  not  used),  and 
therefore,  available,  hours 

t  =  idle  time  when  HRI  is  not  operational,  and  therefore, 
unavailable,  hours 


Subsystem  (i.e.,  processing,  incinerator,  etc.)  and  equipment  (i.e., 
flail  mill,  shredder,  etc.)  monitoring  periods  use  the  same  breakdown  of 
time  for  computing  all  RAM  parameters.  Then, 

T  =  t+  t.+t+t.  +  t  (A- 1 ) 

a  b  c  d  e 


t  ,  Operation  Period.  This  is  the  period  over  which  the  HRI  or 
subsystem  is  actually  operated  during  the  monitoring  period,  T.  It  is 
determined  by  summing  the  run  time  of  each  start-up  to  shutdown  cycle. 

This  information  is  recorded  on  the  Equipment  Status  Log. 

t^,  Routine  Maintenance  Period.  This  is  the  period  over  which 
routine  maintenance  is  carried  out  during  the  monitoring  period.  It  is 
determined  by  summing  the  individual  routine  maintenance  periods.  When 
recording  preventive  maintenance  time  for  computing  preventive  maintenance 
ratio  (PMR),  only  scheduled  or  absolutely  required  preventive  maintenance 


is  included.  Preventive  maintenance  that  is  performed,  but  not  required 
during  corrective  maintenance  periods  or  when  the  HRI  is  idle  should  not 
be  counted  when  computing  PMR.  Each  routine  maintenance  period  is 
determined  from  data  recorded  on  the  Equipment  Status  Log. 

t  ,  Repair/Replacement  Period.  This  is  the  period  actually  spent 
repairing  the  HRI  or  replacing  components  because  of  breakdowns,  etc., 
during  the  monitoring  period.  It  does  not  include  time  spent  in  procure 
ment  of  components  or  in  cooling  the  HRI  to  permit  start  of  repairs  or 
replacements.  The  total  time  spent  in  repairs/replacements  over  the 
monitoring  period  is  determined  by  summing  each  repair/maintenance  time 
from  measurements  recorded  on  the  Equipment  Status  Log. 

t^,  Idle  Time  Operational.  This  is  the  time  when  the  HRI  could  be 
operated,  if  needed  or  desired,  but  is  not  operated  for  one  or  more  of 
the  following  reasons: 

1.  Following  routine  maintenance  shutdowns:  From  the  time  the 
routine  maintenance  is  completed  until  the  HRI  is  started  for  the  subse¬ 
quent  operating  cycle. 

2.  Following  repair/replacement  shutdowns:  From  the  time  the 
repairs  or  replacements  are  completed  (also,  completion  of  routine 
maintenance,  if  needed),  until  the  HRI  is  started  for  the  subsequent 
operating  cycle. 

3.  During  shutdowns  for  reasons  other  than  routine  maintenance  and 
repairs/replacements:  All  the  time  spent  in  this  shutdown  mode  counts 
toward  operational  idle  time.  Details  are  recorded  on  the  Equipment 
Status  Log. 

t  ,  Idle  Time,  Not  Operational.  This  is  the  time  between  shutdown 
|  of  the  HRI  for  either  routine  maintenance  or  repairs/replacements  and 

the  beginning  of  routine  maintenance  or  repairs/replacements,  when  the 
HRI  is  not  operated.  It  includes  time  spent  in  cooling  of  the  HRI  to 
initiate  routine  maintenance  or  repairs/replacements,  and  time  spent  in 
procuring  the  parts  of  supplies  while  the  HRI  is  not  operating. 

These  measurements  of  t  through  t  are  used  to  make  the  calcula¬ 
tions  requiring  time  data. 


RELIABILITY 

Mean  Time  Between  Failures  (MTBF).  MTBF  is  the  average  operating 
time  until  the  occurrence  of  an  equipment  failure  causes  subsystem 
shutdown.  It  is  calculated  by  dividing  the  total  operating  time  by  the 
number  of  failures.  In  simplified  form, 

t 

MTBF  =  (A-2) 


A-2 


where:  MTBF  =  mean  time  between  failure,  hours 

t  =  operating  time  (HRI,  subsystem,  or  equipment),  hours 

3 

=  number  of  failures  that  caused  shutdown  in  the  system 
or  subsystem 


Separate  MTBF  estimates  are  determined  for  each  HRI  subsystem  and 
mission.  This  indicates  the  HRI ' s  ability  to  systematically  process  and 
dispose  of  the  solid  waste  received  while  recovering  energy  in  the  form 
of  steam.  It  should  be  noted  that  operating  times  for  the  various 
subsystems  vary. 

Reliability  as  a  Probability.  Reliability  is  the  most  important  of 
all  the  parameters.  It  is  the  probability  that  the  equipment  can  perform 
its  intended  function  satisfactorily  over  the  duration  of  its  mission 
when  used  in  the  manner  and  for  the  purpose  intended  while  operating 
under  the  specified  application  and  operational  environment.  Reliabil¬ 
ity  is  computed  for  various  missions,  including  waste  disposal  and  steam 
production.  Reliability  is  expressed  as: 


-t  /MTBF 
m 


(A-3) 


where:  R  =  reliability  as  a  probability,  expressed  as  a  decimal 

e  =  base  of  Naperian  log  system  (2.718) 

tm  =  mission  time.  The  scheduled  period  of  operation  of  the 

HRI  or  subsystem;  AO  hours  for  the  receiving  and  process¬ 
ing  subsystems,  120  hours  for  all  the  other  subsystems  and 
the  HRI 

MTBF  =  average  number  of  hours  of  mission  completed  between 
failures.  Computed  from  Equation  A-2. 


MAINTAINABILITY 

Maintainability  is  expressed  as  the  probability  that  an  item  will 
conform  to  specified  performance  requirements  over  a  given  period  of 
time  while  maintenance  actions  are  performed  in  accordance  with  pre¬ 
scribed  procedures  and  resources.  There  are  many  measures  of  maintain¬ 
ability.  For  the  HRI  long-term  evaluation,  five  measures  of  maintain¬ 
ability  are  used.  These  are  defined  as  follows: 

Mt. 

PMR  =  ~  (A-A) 

a 


A-3 


CMR 


(A-5) 


Nt 

c 


t 

a 


MI 


(Mt,  +  Mt  ) 
b  c 


t 

a 


(A-6) 


where:  PMR 
CMR 
MI 
t 

a 

Mtb 

Mt 

c 


preventive  maintenance  ratio,  man-hr/operating  hr 
corrective  maintenace  ratio,  man-hr/operating  hr 
maintainability  index,  ratio,  man-hr/operating  hr 
total  operating  time,  hours 

maintenance  labor  spent  on  the  HRI  during  period  t^,  man-hr 
maintenance  labor  spent  on  the  HRI  during  period  t^,  man-hr 


Mean  Time  to  Repair  (MTTR).  MTTR  is  the  average  corrective  mainte¬ 
nance  time  required  to  correct  a  failure.  MTTR  is  estimated  by  dividing 
the  total  corrective  maintenance  time  for  a  system  by  the  number  of 
equipment  repairs.  In  simplified  form, 

R 

MTTR  =  JL  (A- 7) 

r 


where:  MTTR  =  mean  time  to  repair,  hours 

R  =  total  active  repair  time  spent  on  corrective 
p  maintenance,  hours 

=  number  of  repairs 

Separate  MTTR  values  are  calculated  for  each  HRI  subsystem  (i.e., 
Processing,  Storage,  Incineration,  Boiler,  and  Ash  Handling)  as  well  as 
the  heat  transfer  network  and  overall  HRI. 

Mean  Time  Between  Maintenance  Actions.  MTBMA  is  the  average  operat¬ 
ing  time  until  the  occurrence  of  a  maintenance  action.  A  maintenance 
action  is  initiated  by  an  equipment  failure  or  some  other  condition 
(i.e.,  out  of  alignment  and  requiring  adjustment)  whether  or  not  the 
action  results  in  a  shutdown.  MTBMA  is  calculated  by  dividing  the  total 
time  (t  )  by  the  number  of  maintenance  actions.  In  simplified  form, 

3 


A-4 


MTBMA 


(A-8) 


t 

a 


N 

ma 


where:  MTBMA  =  mean  time  between  maintenance  actions,  hours 
t  =  total  operating  time,  hours 

3 

N  =  number  of  maintenance  actions 
ma 


MTBMA  estimates  are  provided  for  each  HRI  subsystem  and  the  total 
system.  It  should  be  noted  that  each  operating  time  is  specific  for  the 
subsystem  for  which  the  MTBMA  is  being  computed. 


AVAILABILITY 

Availability  is  generally  defined  as  the  probability  that  equipment 
will  be  capable  of  performing  the  specified  function  when  called  upon  at 
any  random  point  in  time.  Operational  availability  (A  )  provides  the 
best  measure  for  equipment  in  an  operational  environment. 

For  the  HRI,  A  is  defined  as  the  ratio  of  the  operating  time  to 
the  sum  of  operating  time  and  downtime  over  the  monitoring  period.  In 
simplified  form, 


A 

o 


t 

a 


t  +  t,  +  t  +  t 
a  b  c  e 


(A-9) 


where : 


A  =  operational  availability  as  a  probability,  expressed  as 
a  decimal 

t  =  total  operating  time,  hours 

3 

t^  =  time  spent  in  routine  maintenance,  hours 
t  =  time  spent  in  repairs/replacements,  hours 
t  =  HRI  idle  time  (not  operational),  hours 


A  estimates  are  provided  for  each  HRI  subsystem  and  the  total 
system. 


STEAM  COST 

Computations  are  also  necessary  for  establishing  the  cost  of  steam 
generated  by  the  HRI.  Equations  A-10,  A-ll,  and  A-12  refer  to  specific 
man-hours  rather  than  manpower  costs  for  two  reasons:  (1)  the  labor 


A-5 


rate  varies  from  year  to  year,  and  (2)  the  labor  rates  of  base  personnel 
are  different  from  the  labor  rates  charged  by  a  contractor.  Using 
man-hours  data,  the  labor  portion  of  the  average  cost  of  steam  in  Equa¬ 
tion  A-15  can  easily  be  determined  for  subsequent  years. 


SOM 


SRM 

STM 


Mt  x  10 
a _ 

M, c  x  h 
15  s 


(MtL  +  Mt  )  x  10 
b _ c _ 

M, .  x  h 
15  s 


SOM  +  SRM 


(A- 10) 

(A- 11) 

(A-12) 


where:  SOM  =  specific  operating  labor,  man-hr/MBtu 

SRM  =  specific  repairs  and  maintenance  labor,  man-hr/MBtu 
STM  =  specific  total  labor,  man-hr/MBtu 
Mj^  =  steam  produced  over  the  monitoring  period,  pounds 
hg  =  steam  enthalpy,  Btu/lb 

Mt  =  operating  labor  spent  on  the  HRI  during  the  period  t  , 

3  ,  3 

man-hr 

Mt  =  maintenance  labor  spent  on  the  HRI  during  the  period  t.  , 
man-hr 

Mt^  =  maintenance  spent  on  the  HRI  during  the  period  t^,  man-hr 


SPC 


CP  x  10 

M1C  x  h 
15  s 


(A-13) 


SCC 


(CF  +  CC)  x  10 

M,c  x  h 
15  s 


(A- 14) 


where:  SPC  =  specific  part  costs,  $/MBtu 

M^  =  steam  produced  over  the  monitoring  period,  pounds 

h  =  steam  enthalpy,  Btu/lb 
s 


A-6 


CP  =  total  cost  of  parts  used  in  repairs,  maintenance,  and 
replacement,  $ 

SCC  =  specific  consumable  costs,  $/MBtu 

CF  =  total  cost  of  fuel  used  (fuel  and  waste  oil,  diesel  and 
electrical  power),  $ 

CC  =  total  cost  of  consumable  supplies  not  included  in  CF,  $ 

Then, 

ACS  =  SPC  +  SCC  +  STM  x  W  (A- 15) 


where : 


ACS  =  average  cost  of  steam,  $/MBtu 
SPC  =  specific  part  costs,  $/MBtu 
SCC  =  specific  consumable  costs,  $/MBtu 
STM  =  specific  total  labor,  man-hr/MBtu 
W  =  labor  wage  rates,  $/hr 


THERMAL  EFFICIENCY 


The  overall  thermal  efficiency  of  the  HRI  when  firing  solid  waste 
and  other  fuels  over  the  monitoring  or  any  period  of  steaming  is  deter¬ 
mined  in  the  following  manner: 


TE 


M,  c  x  h 
15  s 

H.  - 

hri 


x  100 


(A-16) 


where:  TE 


H 


hri 


h 

s 


overall  thermal  efficiency,  % 

energy  from  solid  waste  and  other  fuels  supplied  to  HRI, 
Btu 

steam  produced  over  the  monitoring  period,  lb 
steam  enthalpy,  Btu/lb 


is  determined  by  adding  the  energy  (in  Btu's)  derived  from  the 
variousiuels  consumed  by  the  HRI.  Equations  A-18  through  A-23  provide 
for  the  individual  computation  of  heat  from  the  various  energy  sources. 
In  simplified  form, 


(A- 17) 


where:  H^  ^  =  energy  supplied  to  HR1 ,  Btu 

Hgw  =  energy  derived  from  solid  waste  and  supplied  to  HR1 ,  Btu 
H^o  =  energy  derived  from  fuel  oil  and  supplied  to  HRI ,  Btu 
Hwq  =  energy  derived  from  waste  oil  and  supplied  to  HRI,  Btu 
=  energy  derived  from  makeup  water,  Btu 

1.  Energy  derived  from  solid  waste: 

Hsw  =  (hsw)(M12)  X  2,000  +  (hff)(Mff>  x  2«000  (A-18) 


where:  H  =  energy  derived  from  solid  waste  and  supplied 
SW  to  HRI,  Btu 

hgw  =  higher  heating  value  of  processed  solid  waste,  Btu/lb 

=  quantity  of  processed  solid  waste  supplied  to  HRI,  tons 

h  =  higher  heating  value  of  floor-fed  solid  waste  as  received, 
Btu/lb 

=  quantity  of  floor-fed  solid  waste  supplied  to  the  HRI,  tons 

2.  Energy  derived  from  fuel  oil: 

Hfo  =  <hfo)(M20)(dfo)  (A-19) 


where:  H^.q  =  energy  derived  from  fuel  oil  and  supplied  to  HRI,  Btu 
hj.Q  =  higher  heating  value  of  fuel  oil,  Btu/lb 
M2()  =  fuel  oil  supplied  to  HRI,  gal 
dj.Q  =  density  of  fuel  oil,  lb/gal 

3.  Energy  derived  from  waste  oil: 


A-8 


(A-20) 


I 


where:  Hwo  =  energy  derived  from  waste  oil  and  supplied  to  HRI,  Btu 

h  =  higher  heating  value  of  waste  oil,  Btu/lb 

wo 

=  waste  oil  supplied  to  HRI,  gal 
d^o  =  density  of  waste  oil,  lb/gal 

U.  Energy  derived  from  make-up  water: 

H„  =  (h„>(M17)(V  (A-21) 

where:  =  energy  derived  from  makeup  water,  Btu 

h^  =  makeup  water  enthalpy  from  standard  tables,  Btu/lb 

=  makeup  water  consumed,  gal 

d  =  density  of  makeup  water  consumed,  lb/gal 
w 

FOSSIL  FUEL  OFFSETS 

Fossil  fuel  offsets  are  calculated  by  subtracting  the  quantity  of 
fossil  fuels  (fuel  oil,  electricity,  and  front-end  loader  diesel  fuel) 
consumed  by  the  HRI  from  the  quantity  of  fossil  fuels  saved  by  the  HRI. 
The  fossil  fuels  saved  are  equivalent  to  the  steam  energy  from  solid 
waste  divided  by  boiler  efficiency.  Equations  A-22  through  A- 26  calcu¬ 
late  the  steam  energy  from  each  source  and  the  estimated  fossil  fuel 
offsets . 

1.  Fossil  fuel  energy  -  boiler: 

FFb  =  (M15  x  hs)/TEB  (A-22) 

where:  FFn  =  fossil  fuel  energy  used  by  the  boiler,  Btu 
Mj,.  =  quantity  of  steam  produced,  lb 
hg  =  steam  enthalpy,  Btu/lb 
TEd  =  thermal  efficiency  of  the  boiler 

X> 
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2.  Fossil  fuel  energy  -  HRI : 


FFut>t  =  +  H,,  +  E  +  H 

HRI  fo  df  t  w 


(A-23) 


where : 


=  fossil  fuel  energy  used  by  the  HRI,  Btu 


=  energy  derived  from  fuel  oils  (Equation  A-19),  Btu 
=  energy  derived  from  diesel  fuel,  Btu 
=  energy  derived  from  electricity,  Btu 
=  energy  derived  from  makeup  water,  Btu 


3.  Energy  derived  from  front-end  loader: 


Hdf  *  <hdf)<M22)(ddf> 


(A-24) 


where:  H,  =  energy  of  diesel  fuel  consumed  by  the  front-end 
loader,  Btu 

h^  =  higher  heating  value  from  diesel  fuel,  Btu/lb 
M22  =  Diesel  fuel  consumed  by  front-end  loader,  gal 
d^  =  density  of  diesel  fuel,  lb/gal 

U.  Fossil  fuel  energy  equivalent  of  electrical  power  supplied  to  the  HRI 


Et  = 


(A-25) 


where : 


=  fossil  fuel  energy  equivalent,  supplied  as  electricity  to 
the  HRI,  Btu 

=  conversion  factor,  11,600  Btu/kW-hr 
=  electricity  supplied  to  the  HRI,  kW-hr 


5.  Fossil  fuel  offsets: 


FFO  =  (FF  -  FF  )/CF 

rrHRl"  FFO 


(A-26) 


where: 


FFO  =  fossil  fuel  offsets,  BOE 


FFg  =  fossil  fuel  energy  used  by  the  boiler,  Btu 


FFh£j  =  fossil  fuel  energy  used  by  the  HRI,  Btu 


CF 


=  conversion  factor  for  fossil  fuel  offsets, 
FF0  5.8  x  106  Btu/BOE 


OPERATIONAL  PARAMETERS 

1.  Efficiency  of  the  HRI  to  accept  activity  waste: 


M 


DA  = 


1 


M,  +  M 
1  o 


(A-27) 


where:  DA  =  efficiency  of  the  HRI  to  accept  activity  waste,  % 

Mj  =  quantity  of  solid  waste  accepted  at  the  HRI  facility,  tons 
Mq  =  quantity  of  solid  waste  not  accepted  by  the  facility,  tons 

2.  Processing  rate: 


PR 


(A-28) 


where:  PR  =  processing  rate  of  the  HRI  facility,  TPH 

Mj  =  quantity  of  solid  waste  accepted  by  the  HRI 
facility,  tons 

M^  =  quantity  of  solid  waste  that  was  hand-rejected,  tons 
M  =  quantity  of  solid  waste  floor  fed  to  the  HRI,  tons 
t  =  processing  subsystem  operation  period,  hr 


3.  Incineration  rate: 


IR  = 


Mff  +  M12 


(A- 


where:  IR  =  incineration  rate  of  the  HRI  facility,  TPH 

=  quantity  of  solid  waste  floor  fed  to  the  HRI,  tons 
=  quantity  of  processed  waste  fed  to  the  HRI,  tons 
t  =  operating  time  of  the  incinerators,  hr 

3 

4.  Efficiency  of  solid  waste  reduction: 


DR  = 


Mff  *  M12  -  M14 
Mff  +  M12 


(A- 


where:  DR  =  efficiency  of  solid  waste  weight  reduction  through 

incineration 

=  quantity  of  solid  waste  floor  fed  to  the  HRI,  tons 

M,  .  =  wet  ash  removed,  tons 
14 

Mj2  =  processed  solid  waste  supplied  to  HRI,  tons 

5.  Ash  production: 


AP  = 


14 


M 


12 


+  M 


ff 


(A- 


where:  AP  =  wet  ash  production  of  the  HRI,  ton/ton 

=  wet  ash  removed,  tons 

Mj2  =  quantity  of  processed  solid  waste  fed  to  the  HRI,  tons 


M,r  =  quantity  of  floor  fed  solid  waste  fed  to  the  HRI,  tons 


6.  Efficiency  in  reducing  landfill  space: 


LR  = 


M-CM+M  +M  +  M  j 
1  V  3  14  n24  25J 

M, 


(A-32) 


where:  LR  =  efficiency  in  reducing  landfill  space  for  solid  waste 

accepted  at  HRI 


M^  =  quantity  of  solid  waste  accepted  at  HRI  facility,  tons 

=  quantity  of  solid  waste  that  was  hand-rejected,  tons 

M^  =  quantity  of  wet  ash  removed,  tons 

=  quantity  of  material  rejected  from  the  dust  filter,  tons 

M£g  =  quantity  of  material  removed  by  the  trommel  screen  and 
magnetic  separator,  tons 


7.  Efficiency  of  steam  production: 


SP 


15 


Mj2  (2,000  lb/ton) 


(A-33) 


where : 


SP  =  efficiency  of  steam  production,  lb  of  steam/lb  of 
solid  waste 

Mj2  =  solid  waste  supplied  to  HRI,  tons 
M^  =  steam  produced,  lb 


INSTRUMENTS/METERS 

In  order  to  collect  the  necessary  data  to  perform  the  required 
calculations  for  reliability,  maintainability,  efficiency,  and  cost,  the 
following  meters/instruments  are  required.  The  instruments/meters  are 
an  integral  part  of  the  HRI  and  are  used  during  tests  and  evaluations. 

Run  Time  Meters 


The  run  time  meters  used  to  determine  the  operating  hours  on  vari¬ 
ous  subsystems,  equipment,  and  the  HRI  are  itemized  below  with  the 
quantity  of  meters  in  parentheses. 


1.  Boiler  ID  fans  (3)  -  provide  time  producing  steam. 

2.  Incinerator  blowers  (3)  -  provide  time  for  burning. 


3.  Flail  mill  feed  conveyor  (1)  -  provides  time  for  processing  and 
for  flail  mill  operation. 

4.  Industrial  shredder  (1)  -  provides  time  for  processing  and  for 
shredder  operations. 

5.  Ash  conveyor  (1)  -  provides  time  for  incineration  and  ash 
handling . 

6.  Storage  bin  feed  conveyor  (1)  -  provides  time  for  processing 
subsystem. 

7.  Storage  bin  outlet  conveyor  (1)  -  provides  time  for  storage 
subsystem. 


Watt-hr  Meter 


An  accumulating  watt-hr  meter  is  used  to  determine  the  total  elec¬ 
trical  power  supplied  to  the  HRI  facility. 

Totalizing  Flowmeters 

Totalizing  flowmeters  are  used  to  measure  the  makeup  water  (feed- 
water)  to  the  boilers,  blowdown,  and  steam. 


APPENDIX  B 


CALCULATIONS  FOR  NAS  JACKSONVILLE  HRI 


SOLID  WASTE  ENERGY  SUPPLIED 

The  supplied  energy  over  the  monitored  period  was  broken  down  into 
two  parts,  solid  waste  energy  and  auxiliary  fuels  energy.  The  propor¬ 
tion  of  each  of  these  parts  to  the  total  energy  supplied  gave  an  indica¬ 
tion  of  the  relative  importance  of  each  part.  Equations  B-l  through  B-8 
calculated  the  heat  derived  from  the  four  sources,  the  total  energy 
supplied,  and  the  relative  proportions. 

1.  Energy  derived  from  solid  waste. 


Hsw  =  <hsw><M12>  +  (hff)(Mff)  (B'n 

=  [ (6,940  Btu/lb) (1,311  tons) 

+  (5,900  Btu/lb) (294  tons)) (2,000  lb/ton) 

=  2.167  x  1010  Btu 


whe  re : 


sw 


sw 


12 


ff 


ff 


=  energy  derived  from  solid  waste  and  supplied 
to  HRI ,  Btu 

=  higher  heating  value  of  processed  solid  waste  (Ref  8), 
Btu/lb 


=  processed  solid  waste  supplied  to 

=  higher  heating  value  of  floor-fed 
received  (Ref  12),  Btu/lb 

=  floor-fed  solid  waste  supplied  to 


the  HRI ,  tons 
solid  waste  as 

the  HRI ,  tons 


2.  Energy  derived  from  fuel  oil: 


fo 


(hfo)(M20)(dfo') 


=  (19,603  Btu/lb) (20,050  ga])(7.09  lb/gal) 

=  2.787  x  109 


where:  H  =  energy  derived  from  fuel  oil  and  supplied 

10  to  HRI ,  Btu 

h  =  higher  heating  value  of  fuel  oil,  19,603  Btu/lb 
=  fuel  oil  supplied  to  HRI,  gal 
d^^  =  density  of  fuel  oil,  lb/gal 

3.  Energy  derived  from  waste  oil. 


wo 


=  (h  )  (M  )  (d  ) 
wo  21  wo 


=  (19,673  Btu/lb ) (0  gal)(6.86  Ib/gal) 

=  0  Btu  (none  used) 


where:  H  =  energy  derived  from  waste  oil  and  supplied 

W°  to  HRI ,  Btu 

h  =  higher  heating  value  of  waste  oil,  Btu/lb 
wo 

=  waste  oil  supplied  to  HRI,  gal 

d  =  density  of  waste  oil,  lb/gal 
wo 

4.  Energy  derived  from  makeup  water: 


H»  =  <hw)(MI7)(dv> 

=  0  Btu  (none  used) 


where:  H^  =  energy  derived  from  makeup  water,  Btu 


h  =  enthalphy  of  makeup  water,  Btu/lb 


ft 


' 


=  makeup  water  consumed,  gal 
=  makeup  water  density,  lb/gal 


5.  Total  energy  derived  from  all  sources  supplied  to  the  HRI : 


Hudt  =  H  +  H  +  H  +  H 
HRI  sw  fo  wo  w 


(B-5) 


=  2.446  x  1010  Btu 


6.  Sum  total  of  energy  derived  from  auxiliary  sources  of  energy: 


Haitv  =  +  H 

AUX  fo  wo 


(B-6) 


=  2.787  x  1(T  Btu 


7.  Percentage  of  total  energy  produced  from  auxiliary  sources: 


HAUX  2.787  x  109 


HHRI  2.446  x  1010 


=  11% 


(B-7) 


8.  Percentage  of  total  energy  produced  from  solid  waste: 


HHRI  '  haux 


2.446  x  1010  -  2.787  x  109 


HHRI 


2.446  x  10 


10 


=  89% 


(B-8) 


FOSSIL  FUEL  OFFSETS 

Fossil  fuel  offsets  were  calculated  by  subtracting  the  quantity  of 
fossil  fuels  (fuel  oil,  electricity,  and  front-end  loader  diesel  fuel) 
consumed  by  the  HRI  from  the  quantity  of  fossil  fuels  saved  by  the  HRI. 
The  fossil  fuels  saved  are  equivalent  to  the  steam  energy  from  solid 
waste  divided  by  boiler  efficiency.  Equations  B-9  through  B-13  calcu¬ 
lated  the  fossil  fuels  consumed  or  saved  and  the  estimated  fossil  fuel 
offsets.  The  results  from  Equations  A-l  to  B-4  are  used  in  Equations  B- 
and  B-12. 


B-3 


9.  Fossil  fuel  energy  -  boiler: 

FFd  =  (H  +  H  +  H  )  x  TE  /TEn  (B-9) 

B  fo  wo  sw  sw  B 

9  in 

=  (2.787  x  10  +  0  +  2.167  x  10  )  x  0.45/0.80 

=  1.376  x  10^  Btu  of  steam 

where:  FFg  =  fossil  fuel  energy  used  by  the  boiler,  Btu 

=  energy  derived  from  fuel  oil,  Btu 
H  =  energy  derived  from  waste  oil,  Btu 
Hgw  =  energy  derived  from  solid  waste,  Btu 
TEgw  =  efficiency  of  solid  waste  energy  conversion  process 
TEg  =  efficiency  of  boiler  energy  conversion  process 

10.  Heat  derived  from  front-end  loader  diesel  fuel: 

Hdf  =  (hdf)(N22)(ddf)  (B_10) 

=  (19,603  Btu/lb) (970  gal)(7.09  lb/gal) 

=  1.348  x  108  Btu 

where:  H  =  energy  derived  from  front-end  loader  diesel 
fuel,  Btu 

hdf  =  heating  value  of  diesel  fuel,  19,603  Btu/lb 
M22  =  diesel  fuel  supplied  to  front-end  loader,  lb 
d^j.  =  density  of  diesel  fuel,  lb/gal 

11.  Energy  equivalent  of  electrical  power  supplied  to  the  HRI : 

Et  =  <V<W  <»-»> 

=  (11,600  Btu/kW-hr) ( 168 , 800  kW-hr) 

=  1.958  x  109  Btu 

B-4 


where : 


=  electrical  energy  supplied  to  the  HRI,  Btu 
e  =  conversion  factor,  11,600  Btu/kW-hr 
^kwh  =  electricity  supplied  to  the  HRI,  kW-hr 

12.  Fossil  fuel  energy  -  HRI: 


FF 


HRI 


=  H  +  H  +  E.  +  H 
so  df  t  w 


=  2.787  x  109  +  1.348  x  10®  +  1.958  x  109  +  0 


=  4.880  x  10'  Btu 


where:  FF^j  =  fossil  fuel  energy  used  by  the  HRI,  Btu 
H^q  =  energy  derived  from  fuel  oils,  Btu 
H^  =  energy  derived  from  diesel  fuel,  Btu 
E^  =  energy  derived  from  electricity,  Btu 
H^  =  energy  derived  from  makeup  water,  Btu 

13.  Fossil  fuel  offsets: 


FFO  = 


(FFg  -  FF^j) 


where : 


CF 


FFO 


10  9 

(1.376  x  10  -  4.880  x  10  Btu) 


5.8  x  10  Btu/BOE 
=  1,530  BOE  or  29.4  BOE/wk 


FFO  =  fossil  fuel  offsets,  BOE/wk 


FF  =  fossil  fuel  energy  used  by  the  boiler,  Btu 

O 


FFu-j.  =  fossil  fuel  energy  used  by  the  HRI,  Btu 

itK  1 


CF 


rp  =  conversion  factor  for  fossil  fuel  offsets, 
*f0  5.8  x  10b  Btu/BOE 


EXPECTED  VALUES  FOR  MISSION  RELIABILITY 


Expected  values  for  mission  reliability  were  calculated  based  on 
Table  4  of  the  reliability  analysis  of  the  NAS  Jacksonville  HRI  (Ref  6). 
Mission  calculations  were  made  using  the  predicted  failure  rates  for 
each  subsystem  which  was  a  part  of  the  mission. 

The  failure  rates  and  reliability  for  each  subsystem  are  summarized 
in  Table  B-l.  The  mission  reliabilities  were  obtained  by  multiplying 
together  the  reliability  for  each  appropriate  subsystem.  The  total 
failures  were  obtained  by  adding  the  appropriate  subsystem  failures. 

MTBF  was  calculated  by  dividing  the  mission  time  (6,240  hr/yr)  by  the 
total  failures.  These  calculations  are  summarized  in  Table  B-2. 

Operational  Parameters 


The  HRI  accepted  1,871  tons  and  weighed  but  did  not  accept  5,577  tons, 
for  a  total  of  7,448  tons.  This  represents  48  weeks  of  data  over  the 
51 -week  study.  Even  though  no  data  were  recorded  for  3  weeks,  waste  was 
generated  during  this  time.  Therefore,  48  weeks  were  used  to  determine 
waste  generation.  Fifty-one  weeks  were  used  for  the  other  parameters 
because  this  value  represented  the  HRI  effort  for  the  entire  study 
period . 


1.  Solid  waste  generated: 


7,448  tons _ 

(5  days/wk)  x  48  wk 


31.0  TPD 


2.  Solid  waste  accepted: 


_ 1,871  tons 

(5  days/wk)  x  51  wk 


7.3  TPD 


3.  Processing  time: 


673  hr 
51  wk 


13.2  hr/wk 


(673  hours  is  the  total  processing  time  from  Table  2.) 
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4.  Incineration  time: 


3,592  hr  _  ,  , 

51  wk  =  7°-A  hr/wk 

(3,592  is  the  total  incineration  time  from  Table  2.) 

5.  Ash  production: 

Processed  waste  --  82%  of  feed;  8%  ash 
Floor-fed  waste  --  18%  of  feed;  15%  ash 

AP  =  0.82  x  0.08  +  0.18  x  0.15 

=  0.09  ton/ ton 

Predicted  Values 

1.  Waste  energy  content  (Ref  9): 

Floor  fed:  6,534  Btu/lb  (dry)  x  (1  -  9.72  (moisture)/ 100) 

=  5,900  Btu/lb  (as  received) 

Processed:  8,207  Btu/lb  x  (1  -  15.41/100)  =  6,940  Btu/lb 

2.  Percentage  energy  supplied  by  solid  waste: 

Assume:  0.24  BOE/ton  of  waste  (Ref  7) 

6,940  Btu/lb  of  waste  "as  received" 

6,940,  Btu/lb  xJA000Jj/tqn  =  ^  BQE/ton 

5.8  x  106  Btu/BOE 

2.39+^0.26  =  °-91  *  100  = 
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Fossil  fuel  offsets: 


Assume : 


FFO  = 


25%  of  incoming  waste  was  rejected  (Ref  9) 

45%  thermal  efficiency 

35  kW-hr/ton  of  electricity  consumed  (Ref  7) 

(6,940  Btu/lb  x  2,000  lb/ton  x  0.45  -  35  kW-hr/ton 
x  11,600  Btu/kW-hr]  x  (1  -  25/100)  x  200  tons/wk 
t  5.8  x  106  Btu/BOE 


151  ~  150  BOE/wk 


Table  B-l.  Subsystem  Data  for  Reliability  Calculations 
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This  was  the  function  when  fuel  oil  was  used  to  produce  steam.  The  only  incinerator 
equipment  utilized  were  the  burners  (1/3-hp  motor),  thermocouples,  and  thermo  switches 
for  each  incinerator. 


Table  B-2.  Mission  Reliabilities 


Mission 

Appropriate 

Subsystems 

Reliability^ 

(%) 

Total 

Failures 

(no./yr) 

Bj| 

1 

R,  P,  S,  I ,  A,  B 

53 

34 

184 

2 

R,  P,  S,  I,  A 

66 

22 

284 

3 

R,  1,  A 

73 

17 

367 

4 

R,  I,  A,  B 

59 

28 

223 

5 

01,  B 

76 

15 

416 

0 

These  subsystems  must  be  operational  for  the  mission  to  be  accomplished. 
See  Table  B-l  for  the  code. 

bFor  example,  Mission  1  reliability: 

1.0  x  0.933  x  0.966  x  0.755  x  0.963  x  0.805  =  0.527  x  100  =  53% 

Q 

For  example,  Mission  1  total  failures: 

3-6  +  1.7  +  14.6  +  1.9  +  11.3  =  33.1  or  34  failures/yr 

^For  example,  Mission  1  mean  time  between  failures: 

6,240  hr/34  =  184  hr 
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Appendix  C 

PROCEDURES  FOR  COMPLETING 
HEAT  RECOVERY  EQUIPMENT  STATUS  LOG 
AND 

CONSUMABLES  AND  RUN  TIME  LOG 


I.  EQUIPMENT  STATUS  LOG 


The  following  specific  instructions 
the  Equipment  Status  Log.  The  number  in 
identical  block/column  on  the  log.  As  a 
shift  was  logged  regarding  the  operating 
there  were  no  changes  in  status. 


were  followed  for  completing 
parentheses  refers  to  the 
minimum,  one  entry  per  working 
status  of  the  HRI ,  even  if 


( 1 )  Instal lation 


Enter  the  station  location  and 

(2)  Beginning  Date 

Enter  the  year,  month,  and  day 
the  initial  day  being  reported 
more  than  one  day's  events  can 
Example:  82/01/22. 


system  name.  Example:  NAS  JAX  HRI 


using  a  two-digit  number,  for 
on  each  sheet.  Notice  that 
be  recorded  on  a  single  sheet. 


(3)  Page  of  Pages 

Enter  the  number  of  each  page  for  the  entire  work  week  starting 
with  number  1  on  Monday  morning. 

(4)  Date 


Record  the  day  of  the  month  that  corresponds  to  any  subsequent 
entries.  At  least  one  entry  per  shift  is  required. 

(5)  Time 


Record  the  time  at  the  beginning  of  every  day  (usually  0001) 
using  military  time  (1630  instead  of  4:30  p.m.).  Record  the 
time  of  any  change  in  equipment  status.  Record  the  beginning 
and  ending  time  of  other  events  (i.e.,  maintenance  actions  and 
other  downtimes). 


(6)  Code 


Enter  the  equipment  status  category  code  at  the  beginning  of 
every  day  (0001  hours).  Enter  all  changes  in  equipment  status. 
Identify  what  equipment  status  changed  with  the  equipment 
codes.  The  status  category  and  equipment  definition  list  will 


aid  in  determining  the  correct  status  code.  See  Figures  C- 1 
and  C-2  examples. 

(7)  MHKS 


Enter  the  maintenance  man-hours  required  to  perform  the  main¬ 
tenance  actions.  If,  for  example,  2  hours  of  preventive 
maintenance  man-hours  and  8  hours  of  correction  maintenance 
man-hours  are  performed  simultaneously,  then  list  those  man¬ 
hours  spent  in  preventive  maintenance  first.  Example:  2/8. 

(8)  Explanation 

All  information  that  will  aid  the  technical  analysis  should  be 
recorded  in  the  remarks  section.  Use  as  many  lines  as  needed 
to  explain  actions  taken.  Entries  shall  be  in  accordance  with 
the  following  guidelines: 

1.  Entries  are  required  for  any  of  the  following  reasons: 

a.  System,  subsystem,  equipment,  or  component  turn  on  or 
off. 

b.  Equipment  failure. 

c.  Restoration  of  equipment  to  full  capacity. 

d.  Preventive  or  corrective  maintenance  action. 

e.  All  part  replacement  actions. 

f.  Outside  assistance  required,  requested,  or  received 
from  other  than  HRI  assigned  personnel. 

2.  The  description  should  be  brief  but  answer  the  following 
questions : 

a.  What  is  the  operational  status  of  the  equipment? 

b.  What  has  occurred?  Failure,  maintenance,  test? 

c.  What  is  being  done  to  change  status? 

Entries  shall  answer  all  of  the  above  questions. 

Example:  "Ash  conveyor  inoperative  -  troubleshooting 
motor  and  inspecting  belt." 

(9)  For  Analyst  Only 


Do  not  write  in  this  space.  This  is  to  be  used  by  data  analyst 
only. 


(10)  Supervisor 


Supervisor  responsible  for  data  collection  should  initial  each 
sheet  as  the  sheet  is  completed,  verify  that  all  necessary 
entries  have  been  made  and  each  event  has  been  adequately 
described . 


II.  CODES  FOR  EQUIPMENT  STATUS  LOG 


The  following  codes  were  used  in  conjunction  with  the  entry  made  in 
the  remarks  column.  An  "R"  next  to  any  code  indicated  performance  of 
routine  (preventive)  maintenance  during  this  period.  Start  and  comple¬ 
tion  times  of  routine  maintenance  were  indicated  in  appropriate  column 
of  equipment  log. 

CODE  DEFINITION 

1  UP-Operating.  Equipment  was  energized  and  was  being  oper¬ 
ated  at  full  or  reduced  capability.  Certain  routine  main¬ 
tenance  actions  were  reported  in  this  or  other  UP  code. 

2  UP-Secured .  Equipment  was  idle;  not  energized  but  capable 
of  being  operated.  Includes  time  (shutdown)  due  to  rea¬ 
sons  other  than  routine  maintenance  or  failure.  Examples 
were  lack  of  solid  waste  or  fuels,  holidays,  and  weekends. 

3  DOWN-Corrective  Maintenance.  Equipment  was  idle  and  not 
fully  operable  using  normal  operating  procedures  because 
corrective  maintenance  was  being  performed.  That  is, 
some  equipment  was  undergoing  repair,  part  replacement, 
alignment,  or  adjustment  in  order  to  correct  a  failed  or 
out  of  tolerance  condition. 

4  DOWN-Awaiting  Spares.  Equipment  was  not  fully  operable 
using  normal  operating  procedures  because  spare  parts  were 
needed  which  were  not  available  within  the  facility.  The 
equipment  could  not  be  restored  to  an  operable  status 
until  parts  were  procured. 

5  DOWN-Awaiting  Outside  Assistance.  The  equipment  was  not 
capable  of  operating  at  full  or  reduced  capability  on 
demand  and  required  assistance  from  other  than  HRI  per¬ 
sonnel  to  restore  to  operable  status. 

6  DOWN-Administrative  Delay.  The  equipment  was  not  capable 
of  operating  at  full  or  reduced  capability  on  demand. 

This  included  time  for  lunch,  dinner,  holidays,  shift 
changes,  etc. 

7  DOWN-Preventive  Maintenance.  Planned  or  routine  mainte¬ 
nance  was  being  performed  which  rendered  the  equipment 
inoperable  until  completion. 


III.  CODES  FOR  SYSTEMS  AND  COMPONENTS 


The  following  codes  were  used  to  show  system  status. 

CODE  DEFINITION 

A  Ash  handling  subsystem  -  included  motor  and  conveyor. 

B  Boiler  subsystem  -  included  boiler,  water  and  steam  lines, 

makeup  water  equipment,  and  blowdown  components. 

H  HRI  -  included  all  equipment. 

I  Incinerator  subsystem  -  included  incinerator,  controls, 

feed  hoppers,  stokers,  and  burners. 

P  Processing  subsystem  -  included  flail  mill,  shredder, 

magnetic  separator,  trommel,  and  associated  feed/discharge 
conveyors . 

R  Receiving  subsystem  -  included  tipping  floor  and  front-end 

loader . 

S  Storage  subsystem  -  included  storage  bin,  screw  augers, 

and  feed  conveyors. 

T  Heat  transfer  subsystem  -  included  B  and  I. 


Figures  C-l  and  C-2  provide  an  example  of  completed  equipment 
status  logs  representing  an  entire  week.  This  sample  scenario  began 
with  the  start  of  a  work  week  (Monday  morning). 


IV.  CONSUMABLES  AND  RUN  TIME  LOG  SHEET 


The  following  specific  instructions  were  followed  for  completing 
the  Consumables  and  Run  Time  Log  Sheet  (Figure  C-3). 

It  was  the  responsibility  of  the  chief  supervisor  to  supply  all 
information.  The  form  was  completed  on  a  weekly  basis  at  the  completion 
of  each  work  week.  All  weights  recorded  represented  the  weekly  totals. 


ITEM 

1 

2 


3 


4 


5 

6 


7 


8 


9 


10 


DEFINITION 


Week  Ending  Date.  Record  the  date  in  which  the  form  is 
completed . 

Sheet  No . .  Number  each  Log  Sheet  (week)  in  the  sequence 
used.  This  will  be  used  as  a  reference  number  for  each 
sheet . 

Solid  Waste  Received  (tons).  Record  the  total  (in  tons) 
weight  of  solid  waste  dumped  on  the  tipping  floor  during 
the  work  week.  Note:  Since  all  scale  values  reported  on 
this  form  represent  weekly  totals  only,  a  separate  daily 
log  may  be  necessary. 

Solid  Waste  Not  Accepted  (tons).  Record  the  estimated 
weight  of  solid  waste  which  could  not  be  received  due  to 
the  limited  capacity  of  the  tipping  floor.  If  waste 
could  not  be  accepted  for  other  reasons  please  discuss 
under  item  18. 

Rejected  by  Hand  (pounds).  Record  the  weight  (pounds)  of 
the  solid  waste  picked  out  by  hand  to  be  sent  to  landfill. 

Trommel  and  Magnet  Rejects  (pounds).  Record  the  weight 
(pounds)  of  the  solid  waste  removed  by  undersize  waste 
conveyor  from  trommel  screen  and  magnetic  separator  to 
be  sent  to  landfill. 

Rejected  by  Dust  Filter  (pounds).  Record  the  weight 
(pounds)  of  the  solid  waste  removed  by  the  dust  collector 
as  fly  ash  to  be  sent  to  landfill. 

Wet  Ash  Removed  (pounds).  Record  the  weight  (pounds)  of 
the  wet  ash  removed  from  the  quench  trough  by  the  ash 
conveyor . 

Electrical  Energy  (kW-hr).  Record  the  amount  of  electri¬ 
cal  energy  (in  kilowatt  hours)  used  by  the  HRI  during  the 
week . 

Boiler  Feedwater  (gallons).  Record  the  amount  of  feed- 
water  (in  gallons)  supplied  to  the  boiler(s)  during  this 
week . 
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11  Blowdown  (gallons).  Record  the  amount  of  blowdown  (in 
gallons)  recovered  from  the  boiler(s)  during  the  week. 

12  Flail  Mill  Feed  Conveyor  (run  tim>).  Record  the  meter 
reading  at  the  end  of  each  week. 

13  Shredder  Feed  Conveyor  (run  time).  Record  the  meter  read¬ 
ing  at  the  end  of  each  week. 

14  Storage  Bin  Feed  Conveyor  (run  time).  Record  the  meter 
reading  at  the  end  of  each  week. 

15  Ash  Conveyor  (run  time).  Record  the  meter  reading  at  the 
end  of  each  week. 

16  Incinerator  Blower  Number  1  (run  time).  Record  the  meter 
reading  at  the  end  of  each  week. 

17  Incinerator  Blower  Number  2  (run  time).  Record  the  meter 
reading  at  the  end  of  each  week. 

18  Incinerator  Blower  Number  3  (run  time).  Record  the  meter 
reading  at  the  end  of  each  week. 

19  Induced  Draft  Fan  Number  1  (run  time).  Record  the  meter 
reading  at  the  end  of  each  week. 

20  Induced  Draft  Fan  Number  2  (run  time).  Record  the  meter 
reading  at  the  end  of  each  week. 

21  Induced  Draft  Fan  Number  3  (run  time).  Record  the  meter 
reading  at  the  end  of  each  week. 

22  Boiler  Number  1  Steam  (pounds).  Record  the  meter  reading 
at  the  end  of  each  week. 

23  Boiler  Number  2  Steam  (pounds).  Record  the  meter  reading 
at  the  end  of  each  week. 

24  Boiler  Number  3  Steam  (pounds).  Record  the  meter  reading 
at  the  end  of  each  week. 

25  Diesel  Fuel  (gallons).  Record  the  amount  of  diesel  fuel 
(in  gallons)  supplied  to  the  front-end  loader.  Since  this 
is  not  metered,  another  sheet  may  be  required  for  totaling. 

26  Hydraulic  Oil  (gallons).  Record  the  amount  of  hydraulic 
oil  (in  gallons)  used  by  the  HRI .  This  value  should 
represent  oil  changes  and  hydraulic  leakages. 
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27 


28 

29 

30 

31 


fuel  oil  (in  gallons)  consumed  by  the  HRI  during  the  week. 

Waste  Oil  (gallons).  Record  the  amount  of  waste  oil  (in 
gallons)  consumed  by  the  HRI  during  the  week. 

Repair  Parts  (specify  WR  No.).  Record  the  work  request 
(WR)  numbers  of  any  parts  used  to  repair  and  maintain  the 
HRI  during  the  week. 

Comments ■  Use  this  space  to  discuss  any  pertinent  infor¬ 
mation.  Include  also  additional  information  requested  by 
items  4  and  9.  Use  back  of  form  if  necessary. 

Initial .  Supervisor  to  initial  each  logsheet  once 
completed . 
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HRI  EQUIPMENT  STATUS  LOG 


a.  timc  j  e.  eooejt.  mmcs|  a.  uauunoai 


*  !l« I  scare  jo.  3egan  cleaning 


2,913,3.3  ,0  | 


Iweetc  In  Incinerator  -*2. 


tomplecea  routine  maintenance.  3egan  processing  waste. 


iShut  down  processing .  Continue 


ncinerator  "2. 


HRI  ooeracing  withou 


,3  ,0  |  HI 


,3  -0  ! 


, :  ,o  1  hi 


,  0  ,0  I  ?3 
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^  Secure  oroces 


t  tor  *2  and  star 


ean  process 
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3  Iseems  :o  he  problem  In  env 


^Called  for  help  at  this  :i 


i . 3 'Electrician  arrives — begin  troubleshooting 


iDrive  motor  bearings  are  shot!  Placed  order  for 


lootor . 


Iscoooed  processing  waste. 
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[present ,  we  are  not  incinerating  due  to  ash  convever  orcolem. 
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.  Completed  equipment  status  log. 

HRI  EQUIPMENT  STATUS  LOG 
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Performing  maintenance  check*  deecribed  in  ooeration  manual. 
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shut 
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operation. 
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n.  suxevifoe 


Figure  C-2.  Completed  equipment  status  log. 
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HRI  CONSUMABLES  and  RUN  TIME  LOO 


1 .  WEEK  ENDING  OATS _ (Monti*/D«v/Y*arl 


2.  SHEET  NO. 


3.  SOLID  WASTE 
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4.  SOLIO  WASTE 
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ITONSI 
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BY  HAND 

ILBSI 

8.  TROMMEL  ANO 
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ILBS) 

7.  REJECTED  BY 
DUST  FILTER 
(LBSI 

8.  WET  ASH 
REMOVED 
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9.  ELECTRICAL 
ENERGY 
(KWH) 

10.  BOILER 
FEEDWATER 
IGALLONS) 

11.  BLOWDOWN 
(GALLONS) 

12.  FLAIL  MILL 
FEED  CONVEYOR 
(RUN  TIME) 

13.  SHREDDER 
FEED  CONVEYOR 
'RUN  TIME) 

14  STORAGE  BIN 
FEED  CONVEYOR 
iRUN  TIME) 

IB.  INCINERATOR 
BLOWER  1 
(RUN  TIME) 

17.  INCINERATOR 
BLOWER  2 
(RUN  TIME) 

18,  INCINERATOR 
SLOWER  3 

RUN  TIME) 

19.  INOUCEO 
DRAFT  FAN  1 
(RUN  TIME) 

mms 

21.  INOUCED 
^  DRAFT  FAN  3 
>R^N  TIME) 

22.  BOILER  1 
STEAM 
(LBS) 

§4 _ 

23.  BOILER  2 
STEAM 
iLBS) 

24  30ILER  3 
STEAM 
'LBSI 

!tt»m 

25.  DIESEL  FUEL  tto  tr*jnt-«*d  load.fl:  Gallon* 

2fl.  HYDRAULIC  OIL  liSBd:  Gallon. 

27.  No.  2  FUEL  OIL  uand:  Gallon. 

25.  WASTE  OIL  mad:  Gallon. 

29.  REPAIR  "ARTS  SoaciN  WR  No.i: 


30.  COMMENTS. 


31.  INITIAL 


Figure  C.3.  Consumables  and  run  time  log. 
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lech.  Ref.  Div  Fort  Muaehuca.  AZ 
ARMY  -  (FRF  library.  Champaign  IF 

ARMY  CORPS  OF  ENGINEERS  MRD-Fng.  Div  .  Omaha  NF:  Seattle  Dist.  l  ibrary.  Seattle  WA 
ARMY  CRRFF  Ci.  Phettcplace  Hanover.  Nil 

ARMY  FNCi  DIV  MNDED-CS.  Huntsville  AF;  HNDED-FD.  Huntsville.  AF 
ARMY  ENGR  DIST.  l  ibrary.  Portland  OR 

ARMY  ENV  IRON.  HYGIENE  AGCY  Dir  Env  Oual  Aberdeen  Proving  Ground  Ml):  HSE-EW  Water  Oual 
Eng  Div  Aberdeen  Prov  Grnd  MD:  HSE-RP-HG  Pest  Coord.  Arberdeen  Proving  Ground.  Ml):  Fibrarian. 
Aberdeen  Proving  Ground  Ml) 

ARMY  MAIERIAFS  X  MECHANICS  RESEARC  H  CENTER  Dr.  Fenoe.  Watertown  MA 

ARMY  MISSILE  RXD  C  MD  SCI  Info  Cen  (DOC  )  Redstone  Arsenal.  AF 

ARMY-MERADCOM  C'FFO  Engr  Fort  Belvoir  VA:  DRDME-WC  Ft  Belvoir  VA 

ADM1NSCPIJ  PWO.  BAHRIAN 

ASO  PWD  (ENS  M  W'  Davis).  Phildadclphia.  PA 

DUMED  Security  Offr.  Washington  DC 

BUREAU  OF  RFC  FAMA  IION  Code  150  (C  Selander)  Denver  CO 
C  INC  FANT  C  IV  FNCiR  SUPP  Pl.ANS  OFFR  NORFOFK.  VA 
CINCPAC  Fae  Engrng  Div  (J44)  Makalapa.  HI 
CINCUSNAVEUR  Fleet  Civil  Engr.  Fondon.  England 
C  OMNAVRESFOR  Code  475.  New  Orleans.  FA 

CNM  Code  MAT-04.  Washington.  DC;  Code  MAT-OXE.  Washington.  DC:  NMAT  -  044.  Washington  DC 
(  NO  Code  N( ) P-064.  Washington  DC:  Code  OP  0X7  Washington  DC:  Code  OP-415  Wash.  DC:  Code  OPNAV 
(WB24  (II);  OP-IWX.  Washington.  I)C;  OPOX7J .  Washington.  DC 
COMFAIRMED  SCE.  Code  N55.  Naples  I  I 

COMF1. FACT.  OKINAWA  PWO.  Kadena.  Okinawa;  SCE.  Yokosuka  Japan 
COMNAVMARIANAS  Code  N4.  Guam 
COMNAVSUPPFC  IRAN  I  ARCT  IC  A  PWO  Del  Christchurch 
COMOC  EANSYSFANT  PW-FAC  MOMNT  Off  Norfolk.  VA 
COMOCEANSYSPAC  SCE.  Pearl  Harbor  HI 
(  OMSUBDEVGRUONE  Operations  Offr.  San  Diego.  (  A 

DEFFUEFSUPPC  EN  DFSC-OWE  (Term  Engrng)  Alexandria.  VA:  DFSC-OWE.  Alexandria  VA 
DOD  Staff  Spec.  Chcm  Tech.  Washington  DC 

DOE  Div  Ocean  Energy  Svs  Cons  Solar  Energy  Wash  DC.  INEF  lech.  Fib  (Reports  Section).  Idaho  Falls.  ID 
DTIC  Defense  Technical  Info  Ctr  Alexandria.  VA 
DTNSRDC'  Anna  Fab  (Code  4120)  Annapolis  MD 

DINSRDC  Code  4111  (R.  Gierich).  Bethesda  MD.  Code  42.  Bethesda  MD 
DTNSRDC  Code  522  (l  ibrary).  Annapolis  MD 

FNVTRONMENTAF  PROTECTION  AGENC  Y  Reg.  Ill  l  ibrary.  Philadelphia  PA:  Reg.  VIII.  XM-ASF. 

Denver  CO 

FFTCOMBATTRACENFANT  PWO.  Virginia  Bch  VA 
CilDFP  OIC.  Corona.  CA 

(ISA  Assist  Comm  Des  X  Cnst  (FAIA)  D  R  Dibner  Washington.  DC  ;  Off  of  Des  X  Const-PCDP  (D  Eakin) 
Washington.  DC 

KWAJAFFIN  MISRAN  BMDSC-RKF-C 

I  IBRARY  OF  CONGRESS  Washington.  DC  (Sciences  X  lech  Div) 

MARINE  CORPS  BASE  Code  4.01  (Asst  Chief  Engr)  Camp  Pendleton.  CA:  Code  406.  Camp  Fcjcune.  NC:  M 
X  R  Division.  Camp  Fcjcune  NC;  Maint  Off  Camp  Pendleton.  CA:  PWD  -  Maim  Control  Div  Camp 
Butler.  Kawasaki,  Japan:  PWO  Camp  Fcjcune  NC:  PWO.  Camp  Pendleton  CA:  PWO.  Camp  S  I).  Butler. 
Kawasaki  Japan 

MARINE  CORPS  HOS  (  ode  FFF-2.  Washington  DC 

MCAS  Facil .  Engr  Div  Cherry  Point  NC:  CO.  Kaneohe  Bay  III:  Code  S4.  Ouanlico  VA:  Facs  Maint  Dept  - 
Operations  Div.  Chcrrv  Point;  PWD  -  Utilities  Div.  Iwakuni.  Japan:  PWO.  Iwakuni.  Japan:  PWO.  Yuma 
AZ 


MC  1)1  (  MM  Div  On. ml icn  VA:  NSAI*  Kl  l’.  Ouantieo  VA 

MC  1  H  B520.  Barslovv  (  A:  Maintenance  Ollieer.  Barstovv.  (A:  I’WO.  Barstou  (  A 
Me  HI)  SCF.  Sail  Ditto  (  A 

Mil  I  I ARY  SI  Al  ll  l  COMMAND  W  ashington  DC 
NA1  PNNI)  •  Fngr  Div.  Atxugi.  Japan.  I’We).  Atsugi  Japan 
NAI  F  OINC.  San  Diego.  (  A 

NARI  e  ode  11)0.  Cllerrv  Point.  NC:  Code  MJ.  .lax.  PL:  Code  040.  Pensacola  FI.:  SCI  Non. ilk.  \  A 
NAS  CO.  e m. inlan. nno  Bav  ( 'ub.it  Seetir i ! V  Ollieer.  Kingsville  l\:  Code  114.  Maiiieila  CA:  Code  IS.)  ( I  ae 
Plan  UK  MCiRl:  Code  IN5.  Jacksonville  I  I  .  Code  1ST.  Jacksonville  II  ;  Code  ISAM).  Brunswick  Ml.  Code 
ISC  ([tNS  P  I  lliekev).  Corpus  Christi  IX;  Code  70.  Atlanta.  Marietta  ON:  Code  Si  .  Patuxent  Riv  .  Ml): 
Dir  of  Ingrng.  PWI).  C  orpus  Christi.  I  X 
NAN  AIRSYSCOM  PWI)  C  ode  SP  (Cirover)  Patuxent  River.  Ml) 

N  AS  I  akehurst.  N  I ;  l  ead  duel  Petty  Ollr  PW  Sell  Help  Div .  Beeville  I  X:  PW  (.1  Maguire  I.  C  orpus  Christi 
|\;  PWI)  -  Fngr  Div  Dir.  Millington.  IN.  PWI)  -  I  ngr  Div.  Oak  Harbor.  NYA:  PWI)  -  Maim  Control  Dir. 
Millington.  IN.  PWI)  Maim.  Coin  Dir  .  Fallon  NY:  PWI)  Maim  Div  .  New  Orleans.  Belle  Chasse  I  At 
PWI).  Maintenance  Control  Dir  .  Bennud.it  PWI).  Willow  Cirove  PA:  PWO  (Code  ISO).  Herntuda:  PWO 
Belle  C  hasse.  I  A:  PWO  C  hase  Field  Beeville.  IX:  PWO  Kev  West  FI  :  PWO  1  .akehurst.  VI:  PWO  Patuxent 
River  Ml).  PWO  Sigonella  Sieilv;  PWO  Whiting  Fid.  Milton  FI;  PWO.  Cecil  f  ield  FI  :  PWO.  Dallas  IX; 
PWO.  Cilenview  II  .  PWO.  Kingsville  IX:  PWO.  Millington  IN:  PWO.  Miramar.  San  Diego  (  A:  PWO. 
Oceana.  Virginia  Belt  \  A.  PWO.  So  Weymouth  MA;  SC  I  Norfolk.  VAt  SCI;.  Barbers  Point  III 
NAII  KFSFARC  II  C  Ol  NC  II  Naval  Studies  Board.  Washington  DC 
NAINAVMI  IX  I  N  C  ode  4^  Med  RM)  C  nul.  Bethesda  Ml) 

NAVAC  I  PWO.  London  I  K 

NAN  AC  I  DF  I  PWO.  Holv  l  ock  I  K 

NAN  AI  R( )SPRF.CiMI  DC  I  N  SC  I  .  Pensacola  I  I 

NAN  AIRDI A  I  I  N  PW  I).  I  ngr  Div  Mgr.  Warminster.  PA 

NAVAIRPKC  >P  I  ItS  I C  IN  CO.  Irenlon.  N.l 

N  \\  AIR  1 1  SHIN  PAH  XI  N  I  RIVPR  PWI)  (I  MeCiralh).  Patuxent  Riv  .Ml) 

NA\  ACDSN  C'IIO  Director.  Falls  C  hurch  \  A 

NAN  AN  IONICFAC  PW  Div  Indianapolis.  IN;  PW  I)  Depute  Dir  1)701.  Indianapolis.  IN 

NAVC  OASTSYSC  I  N  CO.  Panama  Citv  FI  :  C  ode  4H  Panama  C  ity.  FI.:  Code  715  (.1  Ouirk)  Panama  C  ity.  FI.: 
I.ibrarv  Panama  City.  II  .  PWO  Panama  C  ity.  IF 

NAVCOMMARIt  AMS  1  RS I  A  Maitrl  Control  Div..  Wahiana.  HI:  PWO.  Norfolk  VA:  SCI  I'nit  I  Naples  Italy. 

SCI;,  (iuamt  SCF.  Wahitivva  III.  See  Ollr.  Waluavva.  Ill 
NAVCOMMSTA  Code  401  Nea  Makri.  Ci recce.  PWI)  ■  Maim  C  ontrol  Div.  Diego  Ciareia  Is.:  PWO.  Itxmouth. 

Australia:  SC  F.  Balboa.  C  / 

NAN  CONS  I  RAC  I  N  Code  oof  15.  Port  llueneme  (  A 
NAM  DIRAPRODI  \  C  I  N  leehnieal  l  ibrary.  Pensacola.  I  I 
NAN  I.DF  I  RAC  I  N  I  ngr  Dept  (C  ode  42)  Newport.  Kl 
NAN  INN  I  Kill  I IIC  I  N  CO.  NAVSIA  Norfolk.  VA 
NANI  01)11  C  IK  1  N  Code  005.  Indian  Head  Ml) 

NAVF'AC  PWO.  Urawdv  Wales  I  K.  PWO.  Centerville  Beh.  Ferinlale  CAt  PWO.  Point  Sur.  Big  Sur  CA 
NAVFACt  NCiCOM  Alexandria.  VAt  Code  05  Alexandria.  VAt  Code  051  (Fssoglou)  Alexandria.  VA:  Code 
04  FIB  I  Bloom).  Alexandria.  VA;  Code  IMA  I  Alexandria.  VA:  Code  04B5  Alexandria.  N  At  Code  05IA 
Alexandria.  VA;  Code  IWM54.  lech  l  ib.  Alexandria.  VA:  C  ode  100.  Alexandria.  VA:  Code  1115. 

Alexandria.  VAt  Code  0SJ.  Alexandria.  VA 

NAN  FAC  I  NCiCOM  •  CIIFS  l)l\  C  ode  101  Wash.  DC:  C  ode  405  Washington  DC:  C  ode  405  Wash.  DC; 

FPO-1  Washington.  DC;  l  ibrary.  Washington.  D  C 

NAN  FAC  FNCICOM  -  I  AN  I  DIN'  Code  III.  Norfolk.  VA;  Code  405.  Norfolk.  VA;  Code  405  Civil  Ttiigr  BR 
Norfolk  VA:  Fair  BR  Deputy  Dir.  Naples  Italy:  Library.  Norfolk.  VA;  Code  111’.  Norfolk.  VA 
NAN  FAC  LNCiCOM  -  NORTH  DIV  (Boretsky  i  Philadelphia.  PA.  CO:  C  ode  0’  Philadelphia.  PA:  Code  (MAF. 
Philadelphia  PA.  Code  OOP  Philadelphia  PA;  Code  II.  Phila  PA.  Covle  111  Philavlelphia.  PA;  Code  114  (A 
Rhoads);  ROICC  .  C  ontraets.  Crane  IN 

NAVF'AC  FNCiCOM  -  PAC  DIN  .  (Kyi)  Code  HU.  Pearl  Harbor.  Ill:  CODI  OOP  PF.ARL  HARBOR  HI:  Code 
405,  RDI&F.  Pearl  Harbor  HI:  Library.  Pearl  Harbor.  Hi 
NAN  FAC  FNCiCOM  -  SOUTH  DIN  Code  405.  Ciaddy.  Charleston.  SC:  Code  40b  Charleston.  SC:  Code  1112. 
Charleston.  SC;  Library.  Charleston.  SC 

NAVFACFNCiCOM  -  NVFST  DIN'.  AROICC.  Contracts.  Twentynine  Palms  CA;  Code  (MB  San  Bruno.  CA; 

Code  101. h  San  Bruno.  CA:  Code  I14C.  San  Diego  CA:  Code  405  San  Bruno.  CA:  Library.  San  Bruno.  CA: 
OOP  20  San  Bruno.  CA;  RDT&FI.O  San  Bruno.  CA;  Security  Offr.  San  Diego  CA 


NAVI  ACINdC  ()M  (ONTRACIS  AROICC.  YNNS1A  Brooklxn.  NN  NROICC.  Ou.mtico.  \  A:  (  ontracts. 
NROICC.  I.cmoore  (  A:  Dir.  I  ng  l)u  .  I  xnioulh.  Australia:  Dir  ol  (  mull,  lupin, in.  (  A:  ling  Dix  dir. 
Southwest  Pac.  Mmnln.  PI:  OICC.  Southwest  Pun.  M.nulu.  PI:  ( >K  (  -R(  )K  ( '.  NAS  Oceana.  Virginia 
Beach.  VA;  OKVROKX  .  Balhoa  Panama  (  anal:  OK  (  ROICC  Norfolk  \  A:  ROICC  Al  (iuam:  ROICC 
Code  PIS  Poitsmoulh  VA;  ROICC  Kex  West  I  t  Roll  C.  kellaxik.  Iceland.  ROICl  .  NAS.  Corpus  Christ). 

I  \;  ROICC.  Pacific.  San  Bruno  (  A:  ROICC.  Point  Mugu.  (  A.  ROICC.  S  ap:  R(  )l(  (  ( )l(  (  -SPA . 

Norfolk.  VA 

NAAFI IRCARIB  Commander  IN  C).  Puerto  Rico 
NAVIIOSP  CO.  Millington.  I  N 
N  WMAli  SCI i.  Subic  Bax.  R.P 
N.NNOlf  ANO  l.ihrar>  Bar  St.  l  oins.  MS 

YNNOf  T  ANSYNCF.N  Code  44TAH  (lech  lab)  San  Diego.  (A.  (  ovle  52*  (lliiitcx).  San  Diego.  (A.  Code  (COO. 

Sail  Diego.  CA;  Coile  Sit  San  Diego.  CA 
NAUIRDSIA  PWO.  I  oniswllc  kY 
N  NN  I’l  Kil  l  Code  'll.  Alexandria  VA 
N.W  PI  I  KI.S  Director.  Washington  DC 

NAVPUSCOl  I  Ihornlon.  Monterex  CA.  PWO  Monterex  (  A 
NAVPIIIBASI  (<).  ACB  2  Norfolk.  VA 
NA\  I  A(  I  N(i(  (INI  -  I.AN  I  DIN  (  ode  40|D  Norfolk.  VA 
NAVPIIIBASI  PWO  Norfolk.  VA;  SCI  Coronado.  SDR  A 
NAYRADRI  Cl  NC  PWO  Kami  Sex  a  Japan 

NAVRI  CM!  I)(  I  N  (  ode  2').  Ian.  Health  Seix.  (Al  Brxson)  San  Diego.  CA:  PW  I)  I  ngr  Dix .  Camp 
l.ejeune.  NC:  PWO.  (  amp  I  ejenne.  NC 
NAVRI-tiMI  D(  IN  PWO.  Okinawa.  Japan 

NAVRI  (iMPIH  I  N  SCI- ;  S(  I  San  Diego.  C.A:  SCI  .  Camp  Pendleton  CA.  SCI  .  (iuam:  SCIi.  Nexxport.  Rl. 
SCI  .  Oakland  CA 

NAVRI  (All  IX  I  N  SCI;.  Yokosuka.  Japan 

NAVSt  Ol  (  I  ( OH  (  Ms  Port  I  lueneme.  (  A.  CO.  (  ode  C44A  Port  llneneme.  CA 
N  WSCSOI  PWO.  Athens  (i.A 

NAVSI  NSYSCOM  SPA  U4I  (I.  Kess)  Washington.  IX 

NAN  S!  (  (iRl  A(  I  PWO  Winter  Harbor  Mli:  PWO.  Adak  Ak.  PWO.  I  d/ell  Scotland;  PWO.  Puerto  Rico. 

PWO.  I'orri  Sta.  Okinaxva 
N  AN  SI  (  ( iRCCOM  Code  045.  Washington  DC 

NAVSF.CSTA  PNVD  •  lingr  Dix.  Wash..  DC;  Seeuritx  Ollr.  Washington  DC 
NAN  SIIIPRIiPI-AC  SCIi.  Yokosuka  Japan 

VNVSHIPYD  Bremerton.  WA  (Carr  Inlet  Acoustic  Range).  Coile  210  4.  l  ong  Beach  CA.  Code  202 .5 

(I  ibrarv)  Puget  Sound.  Bremerton  WA.  Coile  5S0.  Portsmouth.  VA:  Code  As 2 A.  Pearl  Harbor.  HI:  Code 
411(1.  Puget  Sound:  Code  410.  Mate  Is  .  Vallejo  (A:  Code  44b  Portsmouth  Nil;  Code  4411.  Norfolk:  Code 
4411.  Puget  Sound.  Bremerton  WA;  Code  455  (Ctil.  Supr).  Vallejo  CA:  Code  45?  (Maim.  Supr. I  Mare 
Island.  Vallejo  CA:  I..D.  Nix  inn :  I  ibrarv.  Portsmouth  Nil;  PW  Dept,  long  Beach.  CA:  PNVD  (Code  42(1) 

Dir  Portsmouth.  VA:  PNVD  (Code  4SU4ID)  Portsmouth.  VA;  PNVD  (Code  455411)1  SI  IPO  (15.  Portsmouth. 
VA:  PNVD  -  I'lilities  Supl.  Code  ‘105.  l  ong  Beach  CA:  PWO  Charleston  Naxal  Shipxard.  Charleston  SC: 
PWO.  Bremerton.  WA;  PWO.  Mare  Is  :  PWO.  Puget  Sound:  SCI  .  Pearl  Harbor  III.  lech  I  .ibrarv.  Vallejo. 

(  A 

N.NVSTA  Adak.  AK;  CO  Roosexelt  Ro.uls  P.R.  Puerto  Rico:  ('().  Brooklxn  NY:  Code  IhP.  Kellaxik.  Iceland: 
Code  4.  12  Marine  Corps  Dist.  Ireasure  Is..  San  Francisco  CA:  Dir  lingr  Dix.  PNVD.  Maxporl  FI  :  I  ngr 
Dir  .  Kota  Spain:  l  ong  Beach.  CA;  PNVD  (I  1.10  I’  M  Motolentch).  Puerto  Rico:  I’WD  -  I  ngr  Dept.  Adak. 
AK:  PNVD  I  ngr  Dix,  Midwax  Is  .  PWO.  Kellaxik  Iceland:  PWO.  Mux  port  II;  SCI-.,  (iuam.  Marianas; 

SCIi.  Pearl  Harbor  III:  SCI  .  San  Diego  CA 
N  AN  SI  ’1*1*1- -'AC  PWI)  -  Maim  Control  Dix.  Hnirnion'.  Ml) 

NANSl’PPO  Seeuritx  Ollr.  Sardinia 

N  NVSCKI  NN  PNCFN  PWO.  Dahlgren  VA;  PWO.  While  Oak.  Silver  Spring.  Ml) 

NAVri  CHIRAC!  N  SCF.  Pensacola  II. 

N AN  I  I  I  (  ()MM( OM  (  ode  55.  Washington.  IX 
NAVWARCOI  Dir  ol  Facil..  Newport  Rl 

NAVWPNCFN  Code  24  (Dir  Sale  A  Sec)  China  l.ake.  (A:  Coile  2(>5h  China  l.ake;  PWO  (Code  2hh)  China 
l  ake.  CA:  ROICC  (Code  702).  China  l  ake  CA 

NAVWPNSIA  (Clehak)  Colts  Neck.  N.l:  Coile  002.  Colts  Neck  N.I;  Code  ( K)2 .  Concord  CA:  Code  (I(I2A.  Seal 
Beach.  CA:  lingrng  Die.  PW  I)  Yorktown.  VA:  Maim.  Control  Dir  .  Yorktown  VA 
NAVWPNSIA  PW  Oflice  Yorktown.  VA 

NAVWPNSIA  PNVD  ■  Mainl  Control  Dix.  Charleston.  NC:  PWI)  •  Maine  Control  Dix  ,  Concord.  CA:  I’W'D  - 
Supr  (icn  lingr.  Seal  Beach.  CA:  PWO  Colls  Neck.  NJ;  PWO.  Charleston.  SC;  PWO.  Seal  Beach  CA 
SAVWPNSUPPCFN  (  ode  (W  Crane  IN 
NCI'C  Const  Flee  School.  Port  llueneme.  CA 


NOBC  (otic  10  Davisvillc.  RI;  Code  15.  Port  Hucncmc  ('A:  (  otic  155.  Port  llucncinc  (  A.  (  otic  156.  Port 
llucncmc.  (  A.  ('otic  .5111  Port  Hucncntc.  (  A;  ('otic  450  (P\V  I  ngrng)  (iullport.  MS;  (  otic  470  5. 

(iullport.  MS.  library.  Davisvillc.  RI;  NI  I  SA  (  otic  555  (I’  VS  inters |  Port  llucncmc.  (  A;  I*VV( »  ((  ode  S0| 
Port  llucncmc.  (A;  PYVO.  Davisvillc  RI;  PWO.  (iullport.  MS.  I  ethnic. il  Lihrarv.  (iullport.  MS 
NCR  5o.  Commander 

NMCH  I  I VI  Operations  Dept;  I  IIRI  I  .  Operations  Oil 
NOAA  I  ibrary  Rockville.  Ml) 

NORDA  Code  4to  Hat  St  Louis.  MS 
NRI  (otic  5  SI  HI  Washington.  DC 

NSC  CO,  Hiomctlical  Rsch  l  ab.  Oakland  (  A;  (ode  O') A  Sccurilt  Ollr.  Norlolk.  VA;  Code  54  I  Norfolk.  VA: 

(  ode  700  Norlolk.  VA;  SCI:  Norlolk.  VA:  SCI:.  Charleston.  SC 
NSD  SCI: .  Subic  Hat.  R  P 
NSWSI  S  Code  0150  Port  llucncmc.  CA 
NIC  OK C.  CHC-401.  (ireat  l  akes  II  :  SCI:.  San  Diego  (  A 
NUCLEAR  RI  Cil  I.ATORY  COMMISSION  I  (  Johnson.  Washington.  DC 

Nl  SC  Die  I  Code  5502  IS.  Schatlt)  Nett  London.  (I:  Code  LAI25  (RS  Munnl.  Nett  London  CT:  Code  SB 
551  (Brown).  Newport  RI 

OFFICII  SECRETARY  OF  DF.FFNSF.  OASD  ( MRAtVI  I  Dir  ol  Energy.  Pentagon.  Washington.  DC 

ONR  Code  221.  Arlington  VA;  Cotie  70IIF  Arlington  VA 

PA(  MISRANFAC  III  Area  Hkg  Sands.  PWO  Kckaha.  Kauai.  HI 

P1I1BCB  1  P&E.  San  Diego.  CA 

PWC  ACE  Office  Norfolk.  VA:  CO.  ((  ode  10).  Oakland.  CA:  (ode  10.  (ireat  Lakes.  IL;  Code  105  Oakland. 
CA:  Code  III).  Great  Lakes.  Il  :  (ode  1 10.  Oakland.  CA.  (ode  1211.  Oakland.  CA:  Code  I2X.  Guam: 

(  tide  154  (Library).  Great  Lakes.  IL:  Code  200.  Great  Lakes  IL:  (ode  50V.  Norfolk.  VA:  Code  400.  Great 
Lakes.  IL:  (title  4(H).  Pearl  Harbor.  HI:  (  ode  400.  San  Diego.  CA:  Code  420.  Great  Lakes.  IL;  Code  420. 
Oakland.  CA:  Code  424,  Norfolk.  VA;  Code  5IHI  Norfolk.  VA;  Code  500.  (ireat  Lakes.  IL;  Code  5(H). 
Oakland.  CA:  Code  505A  Oakland.  CA;  (  title  MNl.  Great  Lakes.  IL:  Code  610.  San  Diego  Ca.  Code  7(H). 
Great  Lakes.  IL;  Code  7(H).  San  Diego.  CA:  Code  XtHI.  San  Diego.  CA;  Library.  Code  120C.  San  Diego. 
CA;  Library.  Guam:  Library.  Norfolk.  VA:  Library.  Pearl  Harbor.  III.  Library.  Pensacola.  FL:  Library. 

Subic  Bay.  R  P  . ;  Library.  Yokosuka  JA:  Production  Officer.  Norlolk.  VA;  Util  Dept  (R  Pascua)  Pearl 
Harbor.  Ill:  Utilities  Officer.  Guam 
spec  PWO  (Code  120)  Mechaniesburg  PA 
SCPANX  PWO.  Williamsburg  VA 
I  VA  Solar  Group.  Arnold.  Knoxville.  IN 

US  (il OIOGK  Al.  SI  RVEY  Off  Marine  Geology.  Pileleki.  Reston  VA 
USA!  RI  Gl( INAL  HOSPITAL  Fairchild  AFB.  W  A 
V  SCO  G  MMI-4H2  (J  Spencer):  Library  Hqs  Washington.  DC 
USCG  R«SI)  CENTER  Library  New  London.  CT 

USDA  Ext  Service  (  I  Maher)  Washington.  DC;  Forest  Products  Lab.  Madison  WT:  Forest  Service  Reg  5  (R 
Brown)  Albuquerque.  NM.  Forest  Service.  Bovvers.  Atlanta.  GA.  Forest  Service.  San  Dimas.  CA 
USNA  Ch  Mech  Lngr  Dept  Annapolis  MD:  ENGRNG  Div .  PW  D.  Annapolis  MD:  Energy -F.nviron  Studv 
Grp.  Annapolis.  MD:  Mech  Lngr  Dept.  (C.  Wu).  Annapolis  MD;  PWO  Annapolis  MD 
USS  II  I  ION  WPNS  Rep  Offr  ( W -5)  New  York.  NY 
USS  JASON  Repair  Oflicer.  San  Francisco.  CA 
BROOKIIAVLN  NAIL  LAB  M  Steinberg.  Upton  NY 
GIORGIA  INS  I  I  I  I  I  I  Of  I  LK  IINOI.OGY  (I  T  R  Johnson)  Atlanta.  (iA 


INSTRUCTIONS 


The  Naval  Civil  Engineering  Laboratory  has  revised  its  primary  distribution  lists.  The  bottom  of 
the  mailing  label  has  several  numbers  listed.  These  numbers  correspond  to  numbers  assigned  to  the  list  of 
Subject  Categories.  Numbers  on  the  label  corresponding  to  those  on  the  list  indicate  the  subject  category  and 
type  of  documents  you  are  presently  receiving.  If  you  are  satisfied,  throw  this  card  away  (or  file  it  for  later 
reference). 

If  you  want  to  change  what  you  are  presently  receiving: 

•  Delete  mark  off  number  on  bottom  of  label 

•  Add  -  circle  number  on  list. 

•  Remove  my  name  from  all  your  lists  —  check  box  on  list. 

•  Change  my  address  -  line  out  incorrect  line  and  write  in  correction  (ATTACH  MAILING  LABEL). 

•  Number  of  copies  should  be  entered  after  the  title  of  the  subject  categories  you  select, 
hold  on  line  below  and  drop  in  the  mail. 

Note:  Numbers  on  label  but  not  listed  on  questionnaire  are  for  NCEL  use  only,  please  ignore  them. 
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DISTRIBUTION  QUESTIONNAIRE 

The  Nava!  Civil  Engineering  Laboratory  is  revising  its  primary  distribution  lists. 


SUBJECT  CATEGORIES 

1  SHORE  FACILITIES 

2  Construction  methods  and  materials  (including  corrosion 

control,  coatings! 

3  Waterfront  structures  (mamtenance/detenoration  control) 

4  Utilities  (including  power  conditioning) 

5  Explosives  safety 

6  Construction  equipment  and  machinery 

7  Fire  prevention  and  control 

8  Antenna  technology 

9  Structural  analysis  and  design  (including  numerical  and 

computer  techniques) 

10  Protective  construction  (including  hardened  shelters, 

shock  and  vibration  studies) 

11  Soil/rock  mechanics 

13  6EQ 

14  Airfields  and  pavements 

15  ADVANCED  BASE  AND  AMPHIBIOUS  FACILITIES 

16  Base  facilities  (including  shelters,  power  generation,  water  supplies) 

17  Expedient  roads/airfields/bndges 

18  Amphibious  operations  (including  breakwaters,  wave  forces) 

19  Over  the  Beach  operations  (including  containerization, 

materiel  transfer,  lighterage  and  cranes) 

20  POL  storage,  transfer  and  distribution 
24  POLAR  ENGINEERING 

24  Same  as  Advanced  Base  and  Amphibious  Facilities, 
except  limned  to  cold-region  environments 


TYPES  OF  DOCUMENTS 


28  ENERGY/POWER  GENERATION 

29  Thermal  conservation  (thermal  engineering  of  buildings.  HVAC 

systems,  energy  loss  measurement,  power  generation) 

30  Controls  and  electrical  conservation  (electrical  systems. 

energy  monitoring  and  control  systems) 

31  Fuel  flexibility  (liquid  fuels,  coal  utilization,  energy 

from  solid  wastel 

32  Alternate  energy  source  (geothermal  power,  photovoltaic 

power  systems,  solar  systems,  wind  systems,  energy  storage 
systems) 

33  Site  data  and  systems  integration  (energy  resource  data,  energy 

consumption  data,  integrating  energy  systems) 

34  ENVIRONMENTAL  PROTECTION 

35  Solid  waste  management 

36  Hazardous/toxic  materials  management 

37  Wastewater  management  and  sanitary  engineering 

38  OH  pollution  removal  and  recovery 

39  Air  pollution 

40  Noise  abatement 

44  OCEAN  ENGINEERING 

45  Seafloor  soils  and  foundations 

46  Seafloor  construction  systems  and  operations  (including 

diver  and  manipulator  tools) 

47  Undersea  structures  and  materials 

48  Anchors  and  moorings 

49  Undersea  power  systems,  electromechanical  cables. 

and  connectors 

50  Pressure  vessel  facilities 

51  Physical  environment  (including  site  surveying) 

52  Ocean  based  concrete  structures 

53  Hyperbaric  chambers 

54  Undersaa  cable  dynamics 


85  Techdata  Sheets  86  Technical  Reports  and  Technical  Notes  82  NCEL  Guide  &  Updates 

83  Table  of  Contents  &  Index  to  TDS  91  Physical  Security 


D  None  — 

remove  my  name 


PLEASE  HELP  US  PUT  THE  ZIP  IN  YOUR 
MAIL!  ADD  YOUR  FOUR  NEW  ZIP  DIGITS 
TO  YOUR  LABEL  (OR  FACSIMILE), 
STAPLE  INSIDE  THIS  SELF-MAILER,  AND 
RETURN  TO  US. 
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